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THE  SLDBURY  NICKEL  REGION 

BV  A.  P    COl.tMAN 

Introduction 

» ''■""o.:uHr:i-;r';:z;r:;:ii,";s:"::,:;r"r'  r^rr ■• 

"■i"t.,„..  ips  of  „..  know,  o  o  i  i;;^,  t'lt.:  b"'  ^'""""'"^ '""  *^'"'-'«*-'' 

Th..  fid.i   work  and  tho    )ron..ration   ,  f  ,1  ""'""'""   '"-'"'S  g'ven  to   uork.nK  mines. 

oi   -M.no.  of  Ontario,  to  th.  pn^on     wrh.t      It'  i^      '  V  ^1'      ''''*"'"  °'  *''*'  ^"^'"^ 
.;P  as  ..np.otol,  as   .nay   be' our  lUw    d«o  J      b  "SI'  f 'tl"^  ^'"^"^^  ^'^"  -'" 

M    T''culbo'rt""l'  'T  ''""  ''"""  ''^'  *'"  ""'^''^  ""''  -"»-  «--tants    c.p«i«llv   M  • 

"./a^r'S  :^.£"- Thr:::i:;:":n.r  -^  ■"""--  -^  -^"^--"  --^ 

greatest  assistance  '    "'  '"'"""'   "'■"^"  "^"''"^'"-^  '-"^  '--   '-' f  the 

The  surface  plans  of  mines  have  been   made  n-irtiv   l,v  „.-  „if 

Valuable  aid  has  been  given   by  prospectors,  miners  and  others  connected   with  th- 
mckel  minin,  .ndustry  m  all   parts  of  the  region,  but   special  thanks   ar      1  ,e         M 
A_K    Turner.    PresM..„t    of   the   Canadian   Copper   Company.    „i„,    Mr.    .,„,,      I  „L    , 
who  ha=  charRc  of  their  mines.  i.a«.o  i. 

The  Smlliury  nickel  field  ha.s  lonu  been  known  as  the  m..t  important  source  of  that 
metal  ,n  .\M,erica.  „  not  ,„  the  world,  but  the  work  of  the  las,  tlL  venrs  has  ,  „ -I  ' 
Mit  more  and  more  strikinRly  the  „ni,,ue  .haraeter  of  this  nuiiintr  rcizion  I,  .....  ,„;..„ 
V-vrd  that  ail  ti...  ,„,.  ,(,.,,oMls  of  any  economic   importan<e   are   at   or  near   ,h,.  o  ,t   r 
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liotli   from   the  zoological  and 
be  given  in   detail   at   a  later 


Margin  ol  a  lingo  la.eulilliio  .^liui't  ul  eruptivo  rock  a  mili>  anU  a  liuarter  thicii.  •Jo 
ij  lies  long  and  1"  niiU-s  wido.  Tins  shctt  is  now  in  the  form  of  a  boat  bliaped  sj'nclin<', 
with  its  pointed  end  to  tliu  southwest  and  its  scjuaro  end  to  the  northeast.  The  rook 
composing  this  hheet  is  norite  at  the  outer  (and  lower)  edge,  merging  into  granite 
ul  ^1  iiiin  (hi.i  iti-  iit  the  inner  'iipp'T)  e(lg<'.  1  he  ore  bodies  are  round  tiiu  iiLiiyiii 
u'  the  norite  or  along  dike-like  olfsets  from  it,  and  have  evidently  segregated  from  the 
lock  while  still  molten,  though  they  may  have  undergone  later  rearrangement  liy 
1  ir(  libit ing  water. 

It  is  (oinmon  to  find  ore  deposits  associate  I  with  eruptive  rocKs  in  such  a  way 
ii~  to  Mn.^e>t  tint  the  eruptive  fuinished  tlio  ore;  but  in  a  large  mijority  of  the 
exjiiipli-  i|e~eiiliii(  the  ureN  themselves  luive  been  transported  and  deposited  by  cir- 
culating water.  In  the  Sudbury  region,  however,  there  is  good  reason  to  believe  that 
the  ore  accumulated  at  the  edges  of  the  eruptive  sheet  while  it  was  still  fluid  euouj?u 
to  lurniit  the  fcegregation  and  sioking  of  the  heavier  ingredients,  probably,  in  part 
ht  least,  undi'r  the  action  of  gravitation.  At  a  later  time,  however,  there  was  in  many 
deposits  a  conside.ablo  amount  of  water  action,  particularly  in  those  along  offsets. 
The  conditions  just  mentioned  are  of  very  great  interest, 
the  eccinomic  side,  and  tlio  evidence  regarding  them  will 
stage. 

Whili'  special  attention  wf.s  paid  to  the  great  eruptive  sheet  and  its  ore  bodies, 
the  adjoining  nxks  also  have  been  collect «i  and  to  some  extent  carefully  studied  and 
niiippi.l;  but  thi^  work  has  been  subordinated  to  the  main  object  of  the  investigation. 
Tt  has  been  found  that  everywhere  the  laccolithic  sheet  rests  on  ancient,  mainly  crystal- 
line. r(.,■l,^  wlii<h  have  hitherto  been  mapped  and  described  as  I.aurentian  and 
llnriiiiiaii.  while  its  upper  surface  iindorlies  a  series  ol  later  rocks  which  P"-.  Hell 
suggests  may  be  Cambrian  in  age.  This  inner  rock  series  consists  entirely  of  sediment* 
niainly  ordinary  elastics,  sui  h  as  conglomerate,  slate  and  sandstone,  but  near  the  base 
including  much  pyroclastic  materials,  volcanic  ash.  iapilli,  etc.  These  stratified  rocks 
have  been  bent  into  synclines  and  anticlines  during  the  formation  of  the  main  Byn- 
rline.  The  underlying  more  ancient  rocks  present  much  less  regularity,  and  their  relation- 
ships are  less  certain.  The  rocks  mapped  as  Huronian  are  chiefly  sediments  Buch  a'l 
riuartzite  and  graywacke  tilted  into  positions  more  or  less  approaching  the  vertical, 
and  often  recrystallized  into  schist*.  With  them  are  basic  cruptives  of  great  variety, 
including  lava  flows  and  an  older,  more  basic,  norite  than  that  of  uno  nickel-bearin? 
rock.  The  rocks  mapped  as  Laurentian  include  granite  and  gneiss  younger  than  t*\e 
li.irenian.  but  older  than  the  nickel-bearing  eruptive  and  the  overlying  sediments. 
The  youngest  rocks  of  the  region  are  the  laccolithic  sheet  connected  with  the  nickel 
ores  and  certain  still  later  dikes  of  olivine  diabase  and  granite. 

It  will  be  seen  that  the  region  presents  a  wide  range  of  interesting  features  to  the 
mining  engineer  as  well  as  to  the  geologi.st.  and  the  recent  developments  in  the  way 
,,t  Miininii  operations  and  the  making  of  wagon  roads  and  railroads  enable  one  to  study 
its  southern  side  in  a  very  satisfactory  way:  but  the  northern  half  is  still  forest  covered 
fn  the  most  part  and  rather  inaccessible. 

Tile  milling  community  and  prospectors  are  accustomed  to  speak  of  two  nickel 
langes.  the  main  or  southern  one,  and  the  northern  one.  Our  mapping  proves  thit 
there  is  really  only  one  range,  which  is  continuous  with  the  outer  edge  of  the  ehert 
ol  nickel-bearing  ro<k.  However  in  a  modified  sense  the  two  ranges  may  still  be  dH 
tinguished.  since  the  extreme  west  and  the  extreme  east  of  the  laccolithic  sheet  havd 
not  yet  disclosed  ore  b.xlies  of  importance.  In  a  general  way  there  ere  more  numeroui 
find  larger  ore  bodies,  so  far  as  known,  on  the  southern  than  on  the  northern  rangs, 
though  there  is  great  irregularity  in  thiis  respect  on  both  ranges. 

.\s   will   be  shown    later   the  topography  of  the   region   has  very  close   relations   with 
the  arrangement  of   tho  iacrolithic  Knci-t    :i:id    i*-    ndjoining 
forms  of  the  area  give  aid  in  studying  its  geology. 

1   Ma  (lll/> 
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PKKVIOL5  (JKOLOOICAI.  WORK   IN  THE  RHCJION 

In  thP  fJeoIogLcal  Survey   report  for   IbltO   Dr.    ikll  s  r.nort  on   tl„.   s,„ll„,r 

«>port   (,t   th..   Hoyal   CoD.mission  on   tho   Mineral    Hosoiirces   of   ()nf,r;  ,"  i 

run,  er  o,  referenee.  to  the  region  ,»■  Dr.  B.n  .:!^ZZ/ ^'ZlZ^t:: 
nr.  Bell  contr.buteU  an  account  of  the  ore  bodies  of  the  region  to  tl  e  port  of  thi 
iJureau  of  M.nes.  and  the  same  volume  conta.ned  ,ho  lirst  lti..tic.     f  t      'produ  t  o, 

!  ar     andvari       "■%       "  """  ""'"'  """''"'''  "'  '""^  "^""•>  ''-'•  ^'-"   -ported  voarb" 
ear,   and   ^ar.ous  references   are   made  to  the  mines   and   their   geological   relationships 

->   mnung  .nspectors  and  .eolog.sts,  as  w..||  as  „ccon>n.  o.  .he  „,t,all^r,.   o,  n  ri   .nd 

ts  V   l„„   „,   the  manufacture  „f  armor  plate,   etc.     It  was  in    1891   alJo   tha     Ga  n    r 

he  dseoverer  o     the   New  Caledonian    nickel   ore.,    published  an   „„por,ant    accou""      l' 

the  ^;^^  '-.y-':"^' ;.n..s.  while  in  the  following  year  another  Fren.'^  mining  en'.ne.: 

In   the  same  year  the  real   character  of   tlio   n.M-   i  i  ■ 

.£L,„I",  :,r':i;-^  t:'::;s\::' :;«,=t;',;::"-,^:-- 

That   the   ore  is   really  n   very   hasic   segregation    ;rom   Ihe   T.,,.r„{n    „     *i, 
mass  with  which  it  is  associated  w.  :  brought  out  in  ,894  h;  Dr.  .^Zs"  :hoti;:^'';h: 
theory  proposed  by  Vogt  for  the  Scandinavian   nickel   deposits.,.  flowed  t&e 


!  Pp.    23.    67  8.   88,    100. 
J  Pp.    88-90. 


404-5  and   4JJ.5. 


'  « '^"'i>^"'"-   ^'"'-  '65J-6.  pp.   leo  and   189. 
iBee  Dr.  Bell  In  Bnr.  Iflrei,  1891.  p.  89 
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149.Mc.    ""^   *"""'•    ''''•    '^'""*  '•    '^    '-'"»'«"' ^   "<'  a'-o    tr.n.,,-„ion    in    B„r.    Min^.    -892. 
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r'-trr.s  -;.    v;r:;r   :aK6  ,.ectr    Rttdt'urr,    Can.   hec    So      Anr     ioc\     «     t«.i 
sCnor.   .lonr.    Oeol.   Soc.    Vol.    Mil,   rp.  "o-46  '   ^       ^'''    P'    "^ 
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in  I'JOl  IJr.  Harlow  nave  a  hricf  at<'0\iiit  of  the  rocks  of  a  portion  of  the  Bouthcrn 
nickel  i:iniiP,  in  wliic  ii  lie  dcscrilicd  <xci'llchtly  the  norite  and  its  gradation  into  micro- 
l<<giiiatite."'  Later  his  largo  scale  maps  of  the  Copper  Cliff  and  Victoria  mines  regions 
have  appeared,  and  a  further  summary  report  on  rocks  of  the  region  in  1902. '3  In 
the  latter  year  the  first  detailed  report  of  the  bureau  of  Mines  was  prepared,  taki-ii; 
•p  ospecially  the  working  mines  of  the  southern  range,  of  which  maps  and  plans  wen> 
lublished;  and  in  I'JO.'i  the  work  of  mapping  the  northern  nickel  range  was  nearly 
rcmplete<l.i4. 

In  V.'Oi  Dr.  Barlow's  admirable  final  report  on  the  region  was  piilili>lie(l  as  Pa-t 
11  ol  the  (MCilijgical  .-Purvey  report  for  that  year.  It  is  much  the  most  complete 
account  of  the  region  yet  given,  and  should  bo  referred  to  by  anyone  desiring  a  full 
kniiwledge  of  the  geology,  and  also  of  the  e<onoinic  development  of  the  .'^iidliury  dis' 
tri(t.     Sccr.il   useiul   maps  of   parts  of  the  district  are  pulilished   with  the   report. 

In  the  foregoing  review  of  the  literature  of  the  subject  only  reports  and  papers 
of  a  gi'ologi(  al  nature  have  been  referred  to.  Many  papi'rs  have  been  published  on  tne 
mineralogy,  metallurgy,  and  mining  of  the  district  ;  but  these  will  bo  noted  in  later 
poitiiiji>   (if  this  report. 

It  will  he  >ein  that  the  region  has  attracted  mm  h  attenticm  and  has  been  studied 
in  whole  or  in  part  by  many  geologists.  It  was.  howevi'r,  a  very  difficult  region  '  )r 
geologicil  work  in  earlier  days,  being  rugged  and  fonwt  covered,  and  in  most  parts 
iinprovi<led  with  the  canoe  routes  which  facilitate  geological  work  in  so  many  parts 
(1  nortliern  Ontario.  The  real  field  relationships  could  only  bo  determined  by  following 
up  in  detail  the  basic  edge  of  the  eruptive,  thus  proving  that  it  is  (iintinuous  and  not 
merely  a  series  of  larger  or  smaller  bands  of  ba*ic  eruptive  rock. 

The  map  constructed  by  Dr.  Hell  and  his  assistants  was  in  some  respects  surprisingly 
accurate  and  served  an  excellent  purpose  in  its  time,  though  later  work  under  mo-'.- 
favorable  conditions  has  thrown  new  light  on  many  points  and  has  given  the  clue  to 
the  general    relationships. 

TOPOORAPMY 

The  topography  of  the  Sudbury  district  is  very  closely  bound  up  with  its  geology, 
the  great  laccolithic  sheet  especially  influencing  the  land  forms.  The  ancient  Huronisn 
and  Laiirentia;  rocks  outside  the  eruptive  sheet  have  a  varied,  but  generally  rugg'.!d 
and  hilly,  surface,  the  harder  quartzites  and  granites  rising  as  steep  hills  or  ridges, 
while  the  .softer  rocks  make  the  low  ground,  largely  covered  with  old  lake  deposits  or 
by  Iake<!  and  swamps. 

The  nickel-bearing  eruptive  varies  considerably  in  different  parts,  and  these  varia- 
tions express  themselves  in  very  different  types  of  topography.  The  basic  phase  of 
the  rock  yields  readily  to  weathering,  while  the  acid  phafio  is  a  very  resistant  rocB. 
The  1  isic  edge  has  had  little  effect  on  the  rocks  with  which  it  is  in  contact,  the  so-caHrtd 
Huronian  and  Laiircntian,  so  that  the  topography  outside  the  basic  edge  depends  oa 
original  differences  in  the  character  of  the  Archean  rocks  themselves.  On  the  other 
hand  the  acid  edge  hae  powerfully  metamorphosed  the  overlying  sediments,  turning 
them  into  very  crystalline  and  durable  rocks.  Half  a  mile  inward  from  the  acid  edge 
the  tuffs  and  slates  are  much  softer ;  but  in  the  centre  of  the  syncline  there  are  thi?iv 
sandstones  of  a  more  resistant  nature  than  the  slate. 

The  relationships  just  sketched  furnish  an  explanation  of  most  of  the  topographic 
features,  which  may  now  be  discussed  briefly.  The  exposed  surface  of  the  eruptive 
along  the  southern  edge  of  the  syncline  is  often  four  miles  wide  and  averages  more  than 
three  miles  in  width,  of  which  the  outer  half  is  basic  and  weathers  rapidly.     Along  the 
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northe-n  side  tho  width  varies  from  three  miles  to  les:i  than  cne  mile,  averaging  nearly 
two  miles,  of  which  less  than  one-half  in  basic  as  a  lule,  and  in  plares  the  basic  portion 
i:>  almost  lacking. 

The  topography  in  general  is  then  as  follows:  the  country  outside  tho  syncli'i.) 
has  the  somewhat  rugged  and  irregular  mixture  of  hilU  and  valleys  of  rather  modorat.> 
heights  and  depths  usual  in  Archean  regions.  The  basic  edge  of  the  southern  nickel 
lange  follows,  with  low,  gently  accentuated  surfaces  for  a  width  of  about  two  miles; 
fifter  which  comes  a  belt  of  quito  precipitous  hills  belonging  to  the  acid  edge.  Tli' 
adjoining  metamorphosed  conglomerate  and  tuff  makes  a  narrow  band  of  very  pr.;- 
fipitous  hills,  often  having  unscalable  cliffs.  The  inner,  softer  tuffs  and  slate  niak- 
the  floor  of  a  wide  valley,  followed  by  hills  of  sandstone  in  tho  middle  of  t  e  syncline, 
much  lower  however  than  the  other  hills  referred  to  before. 

Approaching  the  northern  nickel  range,  after  a  flat  valley  representing  th.-  slates 
and  softer  tuffs,  one  finds  once  more  a  very  mountainous  band  of  country  fc.rnied  by 
tho  metamorphosed  tuffs  and  the  acid  eruptives;  then  a  narrow  valley,  often  filled  witb 
a  lake  or  muskeg,  at  tlie  basic  edge;  followed  by  the  irregular  Laurentian  hills  to  th  « 
rorth. 

The  contoured  portion  of  the  map  accompanying  this  monograph  illustrates 
graphically  the  relationships  just  referred  to,  so  that  detailed  description  is  unnecei 
'^ary.  It  should  be  remarked  however  that  this  section  nas  chosen  because  of  the 
convenience  of  the  railway  bench  marks  in  working  out  the  levels,  and  the  railwav 
has  naturally  selected  the  easiest  passes  into  and  out  of  the  flat  central  valley.  The 
acid  edge  near  Azilda  presente  a  much  less  rugged  appearance  than  is  usual  in  oth.  r 
1  art.s  of  the  range. 

Although  the  country  along  the  acid  edge  is  so  precipitous  and  rou^h  in  characte- 
».<^  to  cause  difficulty  in  running  lines  because  of  vertical  or  even  overhanging  cliffs  th.^ 
'otal  difference  in  altitude  from  the  flat  interior  of  the  basin  to  the  enclosing  hill  tops 
IS  not  more  than  about  600  feet,  so  that  the  elevations  can  scarcely  be  called  mountains. 
The  highest  points  measured  reach  not  much  over  1,400  feet  above  sea  level. 

In  general  then  there  is  an  elongated  central  area  of  low  ground  with  (ompm.. 
tively  gentle  hills  running  down  its  centre,  surrounded  bv  a  margin  of  very  piecipit..,,, 
Kills  rising  from  200  to  600  feet  above  the  plain.  Then  comes  a  vaUev  alnrnt  a  .iiinit.  r 
01  half  a  mile  wide  on  the  northern  side  and  two  miles  wide  on  the  .outhern,  succeed.  .1 
hy  the  irregular  hilly  country  of  the  outside  Archean.  The  interior  plain  as  well  a^ 
all  the  low  ground  to  the  south  of  the  eruptive  area  is  covered  with  lacustrine  clay  or 
sand,  whilo  the  less  frequent  level  ground  to  the  north  consists  of  sand  nad  gravel 
terraces  at  higher  levels. 


MYDROORAPHY 

In    .1    r.'gi.m   so   recently    ice-covered   as   northern    Ontario    tho   arrang.-nient    of    tlie 
^^  lakes    and    watercourses    is   of   a    very   youthful    rhar.icter,    very   little    filling    ..(    basin- 

%  or  cutting  down  of  rocky  obstructions  having  tak.^n  place,   and   vet  the  old  t..pograplu' 

profoundly  affects  tho  drainage  sy.stem.  The  main  river  of  tho  district,  Vermilion 
nver.  comes  in  from  Archean  country  to  the  north  as  a  singularly  straight  north  an! 
fcuth  chain  of  narrow  lakes  connected  by  swift  water  or  rapids,  .\s  soon  as  the  hill  • 
border  is  passed  by  an  evidently  pre-glacial  channel  the  river  changes  its  character 
Howing  gently  over  drift  sand  and  gravel  at  the  northwest  end  of  the  interior  basi.i 
to  lake  Onwatin,  an  expansion  in  the  soft  slates.     It  then  turns  west  for  twelve  miles 

"""■'    ^'-^  •-'■■^   !Kiic-r;.  kcrping  to  tli.-  !,i.ii,i  oi    slate  aiinovt    to   Larrn- 

wood,  where  it  cuts  across  the  low  sandstone  ridg«<.  forming  rapi.ls  and  fal'^ 
Arrived  at  the  southern  hand  of  slate  it  expands  into  Vermilion  lake,  a  counterpart 
oi  Onwatin,  as  noted  by  Dr.  Bell,  turns  east  for  five  or  six  miles  of  pla.  i.l  water    an.l 
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int.  M„      .Mtra    plain   »v«-«r'l<   ,..   ....tcrn   .  n,|.      I,    tl,.-,.    |„,„.  oa,r    i„l|„„„...   f(„.  ^|„,a 


''"■  I  iii:i|.iii_.  ,,\,.r  \iir,,|,|ix  ,•,    t,,,,. 
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f.-tfl!   .^trc  fiiii  nr  rr.pui.-  aail   iaiis.  

Tl,.,  Vormilion  r.vor  and  .ts  tril.ntaries  in  the  interior  vallov  havo  very  meanderin  . 
-hannels,  and  are  ...a^ed  in  ...rv.n.  d.,.n  the  old  lake  deposits'  to  the  b„7e  Te"    ofH,o 
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t.pxt  lower  outcrop  of  rotk.  In  tin.  locky  country  on  nK  li  cido  of  tlio  basin  thfir 
cbanticls  aro  determined  liy  tho  irroKularitics  of  the  rcnky  valleys,  where  prartirally 
po  cutting  has  been  done  since  the  claciiil  peritKl  except  in  the  unovenlv  diiitributod 
boulder  clay. 

METHODS  OF  SURVEY 

Different  parte  of  the  Sudbury  district  are  in  very  different  stages  of  development, 
the  southern  portion  beiiiK  well  Mipi)li»Hl  with  wiiuon  roails  ami  railways,  aTid  bavins; 
•  number  of  towns  and  villages,  as  well  as  cultivated  farms  in  the  clay  covered  flats 
and  valleys.  Most  of  the  country  near  the  great  mines  has  been  cleared  and  burnt 
over,  sometimes  more  than  once,  bo  that  the  rock  is  excellently  exposecl,  except  wTiero 
buried  under  old  lake  deposits.  The  northern  range,  on  the  other  hatid,  is  still  largi'l(r 
a  wilderness  covered  with  woods  and  with  few  roads  except  thoBe  of  the  lumbermen, 
who  are  now  removing  the  pine. 

These  differences  are  partly  due  to  the  richness  of  the  mines  in  the  southern  rani?e, 
but  perhaps  in  an  wjual  degree  to  the  passage  of  the  main  transcontinental  line  of  th> 
Canadian  Pacific  railway  through  it.  The  latter  circumstance  has  itf;  cause  in  the 
gentler  character  of  the  country  in  the  southern  part,  resulting  probably  to  a  consider- 
able extent  frcjm  the  much  greater  width  of  the  norite  margin  of  the  eruptive.  NoritA 
weathers  quickly  and  where  wide  forms  a  comparatively  level  surface  with  gentle  hilbi. 

The  town  of  Sudbury  is  southeast  of  the  main  nickel  range,  and  from  it  radiatci 
railways  in  various  directions,  the  main  line  of  the  C  P.  U.  running  roughly  east  and 
West  through  the  district;  the  ".Sanlt"  branch  turnitig  off  to  the  southwest;  the  .Algoma 
Central  running  for  eleven  miles  about  midway  between  it  and  the  main  line,  follow- 
ing the  basic  edge  of  the  eruptive  whore  various  mines  are  at  work;  and  tiiially  a  branch 
running    north    three   or    four    miles   to  the  Stobio  and    other    mines    not    now    working. 

The  whole  district  has  been  surveyed  into  townships  six  miles  square,  and  the  lin<« 
between  the  si|uaro  miles  have  been  run.  as  well  as  occasionally  north  and  south  lin.-w 
dividing  the  scjuare  miles  into  halves.  Unfortunately  for  the  geologist  many  of  these 
surveys  are  now  old,  and  the  lines  have  grown  up  or  have  btvn  ob.scured  by  lumbering 
rperations,  or  fire  has  actually  destroyci  all  evidence  of  the  surveyor's  work,  so  thit 
following  the  lines  is  difficult  and  often  impossible.  On  this  account  much  topographical 
work  has  been  required  to  fix  the  geological  relationships.  espiMially  the  criiitacts  nf  the 
inner  or  acid  edge  of  the  nickel-bearing  eruptive  with  the  overlying  sediments.  It  waa 
decided  to  determine  the  position  of  the  acid  edge  at  points  not  more  than  a  half  mile 
apart,  the  usual  method  being  by  pacing  from  corner  posts  to  the  point  of  contact, 
while  the  basic  edge  was  mapped  in  a  more  detailed  way,  especially  in  the  neighborhood 
of  mines  or  ore  bodies.  The  latter  work  was  done  partly  by  pacing  and  prismatic  com- 
pass, or  whore  there  was  local  attraction,  by  dial  compa.ss;  and  partly  by  micrometer 
work.  Till  ro  are  parts,  however,  espocially  towaid  the  southeast  corTicr  of  tin-  boat 
shaped  syncline  and  at  its  soi'thwe'tern  end.  where  swamps  or  drift  d(  posits  hide  the 
solid  rock  and  leave  some  uncertainty  as  to  the  line  of  contact.  The  longest  stretch 
covered  in  this  way  is  in  the  townships  of  Falconbridge  and  Maclennan,  where  there 
is  a  gap  of  a  little  over  two  miles. 

During  the  field  work  in  the  southern  part  of  the  region  railways  were  largelv 
made  ubo  of  as  bases,  and  in  several  places  there  are  good  wagon  roads  which  were 
ot  sorvice  in  tracing  the  basic  edge.  For  the  basic  edge  on  the  northern  range  and  for 
the  acid  edge  everywhere,  these  modes  of  access  were  seldom  available  and  the  work 
wa.s  done  by  tramping  through  the  woods,  or.  wliere  possible,  by  canoes  on  lakes  and 
rivers. 

It  was  tound  that  the  township  maps  as  well  as  the  maps  of  mining  locations  are 
usually  accurate  in  so  far  as  lines  which  had  actually  been  surveyed  are  concerned,  tut 
that  the  courses  of  rivers  and  the  forms  of  lakes  are  commonly  very  badly  mapped, 
and  that  many  smaller  lakes  not  cut  by  a  survey  line  have  been  omitted  altogether. 
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CLASSIFICATION  OF  THE  ROCKS 

.ts  ,.K-  must   (.0   later       The    Fa  Ln  '       "  "'"*"''  " '"'  **"■   ""^-nian,  so  that 

"ro  the,   Und..,l   Ton   folattn   "  .d   H.       Tl         '      ""   "'''"^^    ""'^^  "^   '»>.•  distri  t 

-.cur,nthon...«hWhoodo  tho  1  i'a:J:  ;"";"?■' "'"'  ■'■ '""  ^'■'■>-  "-•"- 

"ays  on  thu  north  shore  of  lak„  U"   h  "^  *'"'''  "''''  ■"""I'.p-.l  in  Intorosti:,,' 

-'I..in.n.  tounsh    .;;,    tho  n  rU,  'V,';"'"""";  ""'   '^  '"  »'-  -n  and  in  Hutton  and 
'  ■■  Ja.^P.Ty  kind  inLrbandll"        nj!  i  '':''     '"T!""  '"'""'''  "'  ^""■"  "'  "  '"""'-''• 

;;-He  «eo.o,sts  o.  .he  B.ea.  o.  .,::^:  :z'-::z£:':^  zxj::z  :nr: 

"assXuat.on   will   he  I,owor   Huron.an.  '^        Uuron.an,    but    by    th.-    now 

^''"i  H:;":::;:ir';^:r::r ;;::;.::"';;:;[  "•■  ""^'";--  •^■-^  — -^  ^-'n 

ja^P'T  c-nul,H„erat<,  and  vorv     it tTuh  t     ™"'"".""«   ""    '"""'^   "f    lim-stone   nor   r.d 
-'■l.v  tau.orphosod.      T   e  v    i      |      .^      *'  ""r'"*^".  "'"^   ''-"«  So-'-ally   more  exte.,- 

""■-   an.    two  parallel    band,    u  i  k    '      '  "  '"  .^^^'^'-'"'^   ''>■  !>•■■    "«H.,«-.  since 

i''«c"r   than   the  .raywaeke  an.l  „d  T""\       "':    "''*"'   ''""■^'•'   "Pparenfv 

^tratid...,,,.,,   in  „,nst  places    ■  n  11,  ""''""■    ^''"""    ^•"^>-   ''■^•l"   -id-neo   „t 

'.no-,rainod  gneiss,     I     ha     ,,.;,:'  "^Vr  '^''-''^^^'^''^  -  »"  '-"^   >'•"■  f-lsite  or 
■"  -  -y'"U:  l„„   its  parallel  s  tt  w  M   T  ^'i;  ?  '■■■"•"""•  -""^  ''"^  '"^'■''  ^1"'^- 

Towded   with   whitish   or  crav   nse„do„w.r.  ''"*''   Kravwack,.   is  elt,.u 

-...   and   reach  tour  or  ^  i:,.;;   -''ieSr    ""*^'  ^^   '"'"   '"'"    *°"    '"''-    '^    ^-'^     '' 

.. .. '  "'.;:.::;;::':;:r:::^;:::!:f  '::::^:;tr  ''-"r  —■  -  "•-  ^-^  '^-"^  -"-. 

In   .ome   part,    of  the   relj  ■  ?,        """*  "'"''   "''   ''"'-'-'■a"'--!   pneiss. 

aM.  of  the  sa„.e  a.e  as  the  rocks  ^Z!:  :^:Z:^'"  '°''-'  '^^-'"^   ---   P"'"- 

wac^";:;!lJ!r;:\.'^':i,'""l    ""■"':■■  f-'-   *'"-»-   -nsiderabh.  are^s  o.    „ 

'  t   a   'lavk   «rav  „r   black',n;t,ire„"f  "',"'''""'   °*    ^"■-■'fifi^ation    and    consisting 

matux   enclosing  angular  or  rounded   p,.l,Mes  an<l   boulders  "u 
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\ariou»  rocks,  hiidi  as  v.mii  >|iiiirtz,  iiuartzito  and  urmiitf  In  appi'urani  •■  thfv  su^BPst 
.1  Kfcatly  metaniorplioscd  Ijoiihi.r  day,  anil  it  !■,  riu»  inipcs.siM.)  that  tluy  ornjitiBt>»'J 
liy   no  action. 

Though  the  relatioiis  of  this  ((inuloincrato  to  the  ulatv  Krav«a(k.'  ar«  iu>mowh<it 
(hsciiro,  it  appears  to  ho  younKiT,  tho  <(iiartzit«>  bouldors  pnihahly  (oiiiiiiK  from  hard>T 
(,uart7.itie  layiTs  of   the  previously   niciitiomd   r(K-ks. 

A  narrow,  disrontiriuous  hand  ol  undoubtt-dly  water  formed  conglomerate, 
\ery  like  some  parts  of  tho  typical  Iluronian  (onulonierato  north  of  lake  Huron, 
stretches  for  about  two  miles  northeast  and  southwest  near  Stobie  mine;  tnd  near 
by  IS  a  small  hill  of  white  cjuartiite  liko  that  nei>r  Lake  Huron.  Ju.st  how 
these  rocks  should  be  placed  with  reijard  to  the  more  widely  -prejid  rocks  is  uniertain. 
l-ut  they  have  boon  tilted  and  faulted  in  the  fcaiiie  way  and  are  probably  of  the  sanie 
(.eneral  ago,  i.e.,  Huronian. 

All  the  older  rocks  of  the  region  have  lieeii  greatly  faulted,  the  faults  being  very 
,  numerous  but  usually  with  a  small  throw:  and  in  various  places  tlieie  are  crush  con- 
niomerates  along  the  planes  of  faulting.  Dr.  Barlow  in  his  map  of  the  Copper  t'litf 
region  indicates  a  series  of  close  fol  Is  in  the  schistose  rocks,  and  it  is  quite  probable 
that  most  of  the  Huronian  has  been  sharply  folded  by  tho  elevation  of  neighboring 
I.aurentian  areas,  but  our  work  was  not  detailed  enough  to  prove  this  relationship. 

Eruptive  Rocks  in  the  Huronian 

The  sedimentary  rocks  described  above  are  associated  with  green  schists  and 
various  greenstones  and  other  basic  eruptives  which  seem  to  be  of  much  the  same 
age.  The  schiste  may  be  sheared  diabases  or  gabbros,  now  reduced  to  (hloritic  and 
hornblendic  rocks;  but  beside  them  or  intermingled  with  them  are  hornblende  porphv. 
rite,  with  large  crystals  of  hornblende,  and  white  spotted  rocks,  perhaps  once  porphyrites 
containing  feldspar  crystals.  In  many  places  these  rocks  pass  into  a  very  Bne-grained 
norite,  entirely  different  in  character  from  the  nickel-bearing  norite,  and  of  course 
much  older  than  that  important  rock.  In  a  few  places  there  are  well  developed  'pillow 
structures"  and  .nmyRdabiidal  or  concretionary  i.  ns  that  must  bo  explained  as  resulting 
from  surface  volcanic  flows.  Hills  made  up  of  these  various  basic  rocks  extend  for 
several  miles  along  the  southeastern  edge  of  the  main  nickel  range,  from  Blezard  to 
Elsie,  and  they  are  found  less  extensively  in  .several  other  parts  of  the  region. 

Other  ba.sic  eruptives,  such  ae  hornblende  poi  phyrite  and  gabhro,  form  long  bands 
0,  sometimes  small  laccoliths  entirely  enclosed  in  ;he  Huronian  sediments  and  ofteji 
tiltinn  them  up  in  such  a  way  as  to  prove  them  later  in  age.  ,ts  in  the  hill  e;,,t  of 
Pudbury  and  a  ridge  south  of  Copper  Cliff.  Though  later  thian  tho  sediments  they  wv 
supposed  to  be  older  than  the  nickel  eruptive,  and  may  represent  earlier  effusions  of 
the  same  magma,  since  small  pockets  of  nickel  ore  occur  in   them. 

Fine  and  coarse-grained  granite  also  penetrates  the  arkose,  in  general  older  than 
the  nickel-bearing  ro<k,  though  one  band  of  red  granite  near  M.iiiay  min.-  eerris  to 
have  been  later.  Some  of  the  granite  may  even  be  a  re-melted  or  re-arranged  part  of 
tho  arkose,  though  this  has  not  bwn  clearly  proved. 

At  one  point  north  of  Sudbury  a  grayish  quartz-porphyrite  rises  through  the 
."rkose,  superficially  very  like  tho  enclosing  rock. 

In  general  all  these  acid  eruptives  and  many  of  the  basic  ones,  though  later  in  m,' 
than  the  Hur<mir>n  sediments,  are  older  thar.  tho  nickel-bearing  eruptive  and  the  rocks 
which  overlie  it  ;  and  are  considered  to  belong  to  th.>  Huronian  rather  than  to  anv 
later  series. 

The  Laurentian 

In  addition  to  the  medium  and  fine-grained  granites  mentioned  above  there  are 
coarse  granites  and  syenites  often  porphyritic,  wlii.h  merge  into  gnei.ss  and  have  been 
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plaic'd   III   il„,   I,aiirfiitinn    bv    moHt     writpra        Th,„«  j 

locks   fr,„„  C.ipper   (  l.tf    ^^'t,ir      7,  -on.iderable    .re.,    of    thcM 

still  l„.,h..r  to  tho  wost  u.  .  J  n.     1  \     u     "'■'■f^'"'""'   »''"^''  't  BP|.ro,,.he,  them. 

►chwt,  so,n..t.,„..,  of  largo  ext-nt      Th..  ^J'L,  »i^«'"»""n.-  or  gro  •„ 

edKo  of  .1 n...     bnt   at    diff.'r..,  /      "■"''"'  '"'"'""'^«  '»  M""«t.m<M.  parallel  to  .I.. 

rock,   and   not  a   r.-sult  nf   th«  P^"'"'  '  >   "1'"^  '"   oriK.n    tli.n    the  nick..|.be.rin^ 

..u,st'to  ,b.  s^i^h:     'f    he  :,;„:■  W'ra,       *";.:^'^"'^"^  °f   »••«   "— «    roc^. 
.««  enclosod   ,n   the  gran  toid^noi        h   /     "';•  '"'  ""*  ^'"^^^^^  K'"""**  <>'  '""^ 

.^....,  ti.  :r,„„r„^..r;ar  ^t^i^c^tiT  x^ir'  ^"^  "^  ^"■'  ^-  "''- 
.h...  tra...  and  th., .: tr^rat!:;;' f;^  ;;;;i::;r^::::'"^  '-••^"'  -—  - 

Pr..bal.lj.  of  .Aniiiiikio  or  later  age  ^    ^  "   ""'"'    ""   '""■^''^   ""   "^ 

Rocks  above  the  Archean 

...^"::'*,:-i :  z  ;:i::;:;;:r::;,;;r:'".;';.  ;v:,'  r; -  ••"-  "■ 

.1..V.  „n„.,i„..  ,1    °,  ™     "1.;,!      ;,'"""  ""''  ,'■"■"■""■■■•  "»  -'"ntiv.  .b«,, 

"'■';;  "."T', ;"-7.'n.-.. L. '<.;:'. ;:,„,:/;'L;i',r 

r,.».,  h,  ::':„;,:::  :",r ,;:  ■;;;""''"  ,"'7  'r  - ""  |"'° ''»'  '■>'».««»..  .*. 

••■*• ."-»«■-  ;'»:.'":rL':t  r,;™;r':*r.;.?:„  ~"" 

..J  ■:  :*:.;?  wii'trr ,:;:  r;:,:;*t :  ,^ .■"",■"  rr"  -^  »"■" 

now  the  most  ro;istant  ro^k  of  th:  Iric.;  ""  "   ''  '""''"  ''"'''''-'  ^  **>»*   '»  » 

.ark":.^S  i:!:.an.::;dS^l;:;o:'uj"t:;";  ^^  "-•-  ^--  --« *- 

occur  «,t,,„„t   a    break   all   round  the  blsin  "    ''"""    ''""""''"'"^    ''"*   ^^e   tuff« 

...ff';':;   """;f "   ^'r*'*   '^    '"^^'^•'   "^'-—s.   a„d    very    assile.    and    I,..    W.„..   .^ 
...ff  »r,d  ,.,id.lonc,  mu  ,.  too  soft  to  bo  woil  roprosc.tod  in  the  rock  expo;,;;" 

Tho  Chelmsford  sandstone  runs  a,  low  sharp  ridfres  down  the  renfr»     f  *;,     i,     • 
being  best  represented  at  Chelmsford  and   Larchwood  ^''^  '"^"'- 
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5TKATmRAI»HV    OF  TMi:   NICKi:i.  BA5IN 

The  great  .•>iiiplir>tion  f»f  the  lliironiuri  ^.  ,li,M.iit^  ari.l  ih..  ..iii|.in.-,  |)..i„.tr»tirm 
th..m,  tt.,  u.ll  a.  thi.  interruption  of  l,uur«nti.n  Kraintoid  gneiu  h.Te  m*d»  it  im- 
poMibln  ,n  tho  time  at  our  di»iH,s»l  i„  »,„k  .mh  »,iii  hm.v  .l..|iiMt..M.-H.s  the  thuknoK,  »ii<l 
det.ilod  lolationshiiw  ol  th..  rotkn  I>ii.k  ImIow  tho  lu.k.l  i-ruptivo,  th.iURh  thmr  pro... 
«hle   suci.wuon    in    am-    haH    lKH.n    protty    .i.rtainly    (ii.t..rniin..cl.  With    r.-gard    to    thrt 

eruptivo  sheot  itstlf  and  the  overlvinR  Mdiinwits.  iniuh  in..r..  is  known  and  a  fairlv 
cf.mplt.te  account  of  their  relationship,  .an  be  Knen.  ThouKh  the  .rupUve  is  later  in 
age  than    the  MKliniontu,    it    ia  convenient  to  begin   with   it    as   the  loweat   rock  in   the 
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range,  and  paseea  insfiisimy  into  pale  gray  or  desih  colored 
niicropeKmatitic  syenite  or  granite  towards  the  inner  and  upper  edge.  The  widlh 
•J  the  band  is  <|uite  variable,  running  ^ron  four  and  ono-fifth  miles  near  tho  ( 'i eight*.  , 
hnd  Murray  minee  to  live-Mxths  of  a  mile  at  the  narrowest  part  near  tho  nortlieaster,, 
corner  of  Morgan  township.  The  avera,.e  width  of  the  southern  side  of  the  eruptiv- 
band  IS  ;).I  miles,  and  of  the  northern  19  miles;  and  the  total  averaRO  width  is  •.' 5 
miles.     Where  tho  band   is   wide  quite  half  of  it    is  dark   gray   norite;   but   whe  •, 

rarrower  the   ncid   (cranitir)   portion   take,   up   more   than   half;   and   at  the  na.  -t 

point  the  noritic  phase  is  almost  absent.  What  has  b.^on  said  of  the  basic  portion  ,  he 
io<k  applies  in  a  Reneral  way  to  what  may  l,e  calh-d  it.s  most  l.asic  fringe,  the  ni,  k.l 
and  copper  sulphides.  RouRhly  spenkin«.  ore  bodies  are  more  numerous  and  larger 
where  the  whole  eruptive  is  wide,   and  l.*s  nuin-rous  or  absent   where  it  is  narrow. 

The  length  of  the  boat-shaped  eruptive  sh.-et  is  36.2  miles,  and  its  greatest  width 
1U.6  miles,  th«  average  width  being  l.t.(i  nnl.«;  so  that  the  whole  arm,  covered  as  wel! 
as  exposed,  is  49.5  square  miles.  The  inward  dip  of  the  contact  between  the  ore  bodiwi. 
or  the  basic  edge  of  the  eruptive  when  ore  is  absent,  with  the  underlving  Huronian 
cr  Laurentian  rock  runs  from  20"  to  tU",  and  the  average  dip  may  \m  estimated  b - 
<»,-cn  W  and  ir,".  As  the  inward  dip  of  the  overlying  sediments  avorag.*.  about  3('-^ 
this  will  be  taken  as  the  true  average  dip  of  the  whole  series  of  rocks. 

Accepting  the  dip  at  38<»,  the  eruptive  sheet  has  an  aver..ge  thickness  of  12.^.  miles. 
ir  thi.s  tlu.kiu-s  is  retained  in  the  parts  hidden  beneath  the  s.dimentf  the  total 
volume  of  tho  sheet  is  nearly  600  cubic  miles;  but  probablv  the  sheet  is  thicker  in 
central  parts,  and  certainly  all  the  edges  have  lost  greatly  by  er.«ion,  so  that  the 
original  volume  must  have  been  very  much  great.^r  than  G<X)  cubic  milee.  As  (ha 
circumference  of  the  basin  is  80  miles,  one  mile  added  to  its  margin  would  increase  the 
loliime  by  im  cubic  miles,  and  in  the  beginning  the  total  volume  may  have  been  l.fXK) 
cubic  miles  or  more.  As  the  basin  no  v  stands  the  northwestern  edge  of  the  eruptive, 
has  an  elevation  of  about  300  feet  aliove  the  southeastern  ."dg.\  perhaps  due  to  more 
rapid   weathering  of    the   much   wider   basic    part    found    al.mg    the    southeastern    side. 

The  basic  edge  sends  offsets  into  the  surrounding  rocks  for  distances  up  to  eight 
miles,   in  places  contiriuoua  and  dike-like,   but  often  discontinuous  and   irregular;   and 

fne    arid    r^ticta    alan    nff\ie\r>^o    inf^    fUo    A%.f.<.Iv.{ v.'.    , 1 —      « 1   -         L  e    ■*  r  . 

^-     =.._  „..,. „.  ..,r.  ...r,  ,.,nn  r--^ii-,   !lm'.ii;h  nunc  of  tno  ap.-.f.hv.sw  iia.e 

Keen  traccKl  for  notable  distances. 

The  lower  rocks  have  been  greatly  crushed  and  faulted,  and  coarse  breccias  have 
( ften  been  formed  of  the  blocks,  cemented  with  narrow  bands  of  norite  or  witli  ore. 


II         I  III  <  II  II  II    ii  »        iBi  i^wi  I  n  II 
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Hurtrau  of  Minvn 


<ieneral  (ciiturcs  of  the  Hasin 


.n.,.;.';:  ■;:::':„:"  ;,l";,:;  71":'  !"*7'  -'r" '-"-  ■"'■«'"« * ..kH-uar.... 

I  MiMtn,    t„    III,.    (  |i,.|,„,|„r,l    *HMcK»onn   (,n    ton     h»vn    mvf    (,.-.,     i  i     i    • 

•"">  '•M-ia I  h  s„p,.„s.n« „„.,  „ .,  .,'■,..;;,  ;,",.;■:  '■; 

•  rupiive  riui,'„,H   ,„„v  ...lidili,  .1    -     .1  .    ,  ,     .  '  ''"'    ""'**  °* 

..    l.«Mn   .»M.|        .U  tl...  ,n.i.„„.  W..1I..I  ,„.  and  s,.r.».l  „„t  l.ro.,|ly  l,one.tl.   .1,..  „r.B,n 


'  rii-liliii 
III  11  urticrnl  w.iv  tli.'  M(lini..rit: 


"I   (!»■  U. 


Mil   ttiis  nisliioncd    l,v   fl„.   M,olt..ii 


^1 t   „.,.,..  than   a    „,il,.    tluck   iM-nratl,   ,t     Z       '  ,  ""  ^"^'""-l    l-v    .1,,.   „,ol,..„ 

:x^"  S:r'°^^  -'^'--  -  -— -  -'-"-- "--::-  -: 
::t,-t:.:;:;:;-^,.';;rj:?':^"'''"T- '-"^''"^ 

•piriK  .tMivcx  towar.1  tlu.  ,„„tliHp-,t,  vo  that  tho  sinfv  ,.l„o       ■     •      .t       ' 

;h..  s,,,on„e  runs  fro.  ...  to   roo/.^i.^tUa'^U  tl-   ^:'Z  !"       nVs^r.^^.r'  °' 
t<.  MMitlioast  at  th.'  pxtn-mo  corntT.  "^  "■"" 


:ef^^.^ 


JO  ooii»H!»n»3  am  n;  jinsai  him  sinii 


The  5udhur>   Nickel  MoKion 


U 


III  (("■'■''al  tli»  slul.v  <l«uvii);i>  i-.  nearly  viTti.nl  uitli  «  ti'iiiliiiry  to  iii<  liiii'  t4)»iiri 
the  Miiilhi'iuit ;  liiit  sldtiK  lliat  mi1<-  this  ti'iiili'ruy  Ih'ioiiiis  iiiorc  iii»rk<'i|  until  at  Ih 
kIK''  «  «''ll  ilefintti  «<hi>ti»Mi  stnictiiri«  i-  lU'H'lnp.il.  ilippmn  t'\i'n  I'l"'  nr  .Ti"  In  tin- 
scutlient  und  tlatti'mng  ilm  pvliMci.  nt  tho  liannl  i  ,,iiKioimT»t<',  «s  mi  \\  liit..wat.r  l«k. 
Sinci'  the  )>rii|itivit  shwt  ii  ni'urly  tm.r  iii  thick  on  thi-  viiitlii'i«*f  sh  cm  the  iiorlhwi.,' 
•.id.,  iihc'  width  mi  tho  iurfacc  lie  iii^  ;!  1  n,,l.  >  lu  1.;)  inilii.)  tlm  ^loaUi  «.  mhi  iiiit\ 
have  had  nil  inipcirtant  ctfi-it  in  piodiic  iiiy  u  incirc  i  xlmiMvi'  ccjllnpye  on  this  Md>'.  i.r 
*l»o  tho  vitikiiiK  "f  •''"  siilisinic  tiiri>  wa-,  uniitir  Inn-  pcinntl  mi;  -,,  I  hic  kctiiiiK  iif  l|i.' 
»hcii>t        'Iho   fnic  iiiriMl   .iiid    fiiiiltcd    iiihI    >Ii.  k.  n-idc-d    ili;iriiit,r    nl    tli.    ccmiiv    rcic  k     i' 


,1 


I'aiill  hill,  -.iulh  i.f  (  re  lirliti.ii 


the  Cri'inhton  and  North  Star  iiuiios  niu)  he  attountcd  tor  in  thih  way.  It  is  possible- 
too  that  the  peculiar  broad  bay-liko  margin  of  tho  acid  ed^e  between  (Jordon  an. I 
Whitewater  lakes  and  the  projection  of  two  loim  and  important  otf.sets  from  tho  basic 
edKe,  at  Victoria  mine  and  Copper  Cliff,  as  well  as  tho  separate  nickel-bearing  band 
of  Frood  and  Stobio  mines,  may  ho  brought  into  i  c>niu'<tion  with  the  Kfat  weight  of 
the  fluid  or  plastic  magma  at  this  part  of  the  southern  edge,  where  it  u>  tlucker  tha-i 
f  Iscwhere. 

After  the  eruption  of  the  nickel-magma  a  long  continued  process  of  segregati.-.i 
took  plate,  to  some  extent  at  least  under  the  inlliience  of  gravitation,  the  sulphides 
Finking  into  depressions  of  the  Archcan  vubstratum,  and  the  more  acid  and  light  •.- 
portions  of  the  rock  rising  to  the  upper  part  of  the  sheet.  Tho  groat  thickness  ..f 
•he  over'ying  sediments,  estimated  at  10. 2.10  feet  'with  an  average  dip  of  .'}ii«>  w.ih 
sufficient  to  render  the  cooling  exceeding  slow,  permitting  of  a  very  perfcst  separa- 
tion of  the  heaviest  ingredients,   which  were  also  the   most   fluid,   at    the   bottom. 
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later  l-ruptive.s 


As   oxplaiiKd 


'"'■'■  '"'"   l'"!''  '»■   n..s),.,.„|„,-,.d  granrt.- 
'ir.it    .1,,.   „„u„   ln,M,liti,ii.  sheet   w  i. 


Mdunents  which  r«,t  upon  ,t    h„t   .t   k  I,v  ,h  '    '",    '^,  >"""-•'    '"•■"'    thv    M-nes    „i 

''"■■"■tra.M.K    as   e.J«..     ,„„•    Mr.,,'  "r""        '  '"'*'''   "'"P^"-^'  '^*  ""'  ^'■^'"«- 

eno'    n..,i„„„-„..,„:;,    ...n.,:,    "        ,  :„;":     <■""...   'lai    ,hore    ,...    „..h-.olored    ., 

--    Wh.uon  lake     a.,  well   an   ,,,,''    ,     ""•""'    "";"'    '"'   -^'— '    -"o    «nJ 
had   c..,M,pl-t,.|y  lost   Us    heat.  ■'""^"''■"    '•'*■■    ^'^-.    L'lt    p,,  hap,    l,.,,„e    the    sheer 

-e;;r;;;iS :  .:n:tr:nnt:r;;;„:!':H..;;';:'';:;:;,r'^'i  "^^  "■"■•^  '">->•  "-'- 

•1-  .■a.he,.  r,.,,.s  a„d   filled   »i„,  olni,,     ,  i  "   ,   '"'-^  ;"'<■   "ere  opened  through    all 

took   plaee   ,,„.,   ,,,,„   „,..   ,„„^^    „„;,:;     •'     "■;'^'"-'   ■•"',''  '■'  the  region.     Thi, 

fn„„  „  ,o  the  K,a.ntoid  gnoiss  „r  the  tu  r,te    l,„t  !,„  *'"■   '''•^'■■^    ""ss   in.l.lferentlv 

<).an  against  the  of  her   roek.    s  „  e  ,  ,'  "  '""'"  •''"^^  ^««  "K'''"'''  "^e  ore 

.hilled  the  d,ke  n,oro  Inukly,'  "    "''"'"^    "'■''■   '''''■'^   '"'"'"'">-  '>'    ''-t   and 

These    v>  r;     iiiiinerous    olivine    iliili.c.      I,|. 

^1"^"  <'»■  t>-  I'-t  Arthur  AnunL.i  ,''::.';";;:"' """  -^  "■;:  """^  "■"'  •■'-«-' 

ti.ere    i,    no   direet   i.rcxjf   of   .1,1         •  ■  '"""'''  "f^'''   l<<'»<'«'nawan,  thoui'i 

'-"-'  -  •>..  s,:;  ririi,.: ;::;:;:""  ^'7'^-  •-■-—  -'s  ha.,  not  »::^: 


ing  OT 


still    later    than    the    diahaso    dikes     and    the    l-.K,.f    L 
'■N-.'Pt    the    PIc.istoeene,    are    some    nnrrou  >       .  ","""    ""'^^    '"    "'"    '''^^'i^^ 

aho„t.kreen.iles„estof  Sudi",  V  le  '1  fl'*^"*  "''"''  ""  '''"  ''"''-  "-'f 
«t.KHj  of  eoiirse  that  all  .ho  o  k  des  r,  T  '  ""^*-'<"«— »".  It  ,s  nndor. 
'•owlder  elay,   niorainos,   ki^i  ,  '  ^       " ,    lij    "^  «^';'^"  "^  '-  -*-'  covered  .if. 

-"•'I  "n,!  gravel  ,lep,.s  ted  in  p  ,      ,  I-.    •      ,    ,  '  ""'-Pread   he.k  „f  stratified  cUv, 

'•'.■n..s   I,ed.s  of  the   l-alaet  ie     o  ,.1  l,"-  T"  '''"'  ''''"^  '""   """"  '"   "'"  fossil- 

the   nnfossiliforons    roeks    ab     o     d  d        The  ":  "   'l'    P   /'"   "'""  '""'•   '''-'   ^' 

C-'"n...o.Sil,.rianheds„fn..rg.a,n4';„,,;Xr:;.t;;r'^"'''     "^""     ^^^    ^^- 
Iho  s,u,.e.ssion  of  roeks  in  tune   is  ,n  en   in   ,he  following  tahle:         " 


Tahle  of  Formations 


AMMIKl; 


\l;''lll  AN 


l.Hiir>  ntiio 


Hmi „,, 


.-"■Oi.ln.Hl  ,.|,n, 
I  I.'O,-,  :;r:ii.il...|  kr. 

"-Milt  ilhihH-.'  .Ilk.  - 
I  '■niiiil.'. 

-li'lliiiry  iil,-ii|.|  l.,;iri,,i..  mipia,. 
I  '■Iii'li,i«fiir.l  siiii.l>i,,nr 
'  Onwiitin  <Int.. 
|i'n.,,,i„:..,n.r 
liMi.t  l.iik..  .,,ngl,,„,.  nilp. 

'.r:ir;ii,nM  i;ii,.i„ 
■'   ;|'""llv-i.   Hm.,ii,,„  .ruMiiv.. 

I.     •ri-.n    l.ik.-  i.T..vVV;l,i;, 


I  •    'i'i"T  .'liiT  ,irk>.«.> 
'  ^I  ■Kini  .-rMVu-a    k 


.llirl., 


CHAkACThk  <)f^  THJ;  SI  r)ni'RV   ORKS 

The   ore.s  ol    the   Sudhur.v   mining    dis.ri.'t     .re    extr-,    rl'        ■. 
'hules  only  tnaking  „p   praetieallv   the   whole   onuso       ;■"■',   "f"""-    *'""^-  ^"'- 
n.  a  rnle  presenting  themselves  to  the  eve    pv     ho  "''       "'"^-   '""'   ""'-^  '-- 

,.ri,e  or   copper  pyrite.      The   t one,'     :::u:-,:'u'Z:\UT'-   "'"  "'''- 

though   commonly   invisible   in    the  ore  except    at    a    few  of  th,     r.Vhl   !  ""f."^''-"" 


JO  uoiiBnaauifo  otp  g;  ;[ns3j  [[im  ami) 
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The  5udhury   Nickel  Region 


IS 


Tlie  iiiiiurnl  present   in   mhuIi  tlic   largest   amoiiiit   is  pyirhntito,   a  Milphiil.'  ol    irj'i 

"'"'-'■     "•in|"-lti..|i     ;i-     L-u.M     v.ni.-     Ir.il,,     |,—       i,,      I-,, ,.-,-.         It     i-      |.,,1,.      I ,/,.     »|,1, 

Lright  inttullic  luvtic  on  tri'sh  surfaces,  hut  iiuickly  turni.shre  to  lirowii,  and  vtiy 
readily  weathers,  turning  to  a  rusty  mass,  the  gossan  whirh  is  sr,  charaitfristic  of  all 
llio  iiiikfl  mines.  It  almost  never  appears  in  crystals,  though  a  certain  platy  char- 
acter at  a  few  mines  suggefits  cry^talline  structure,  and  it  may  lie  from  coarse  to  ftne- 
grained.  Its  property  of  magnetism  distinguishes  it  from  other  sulpliidoK,  since  it  i* 
easily  attracted  hy  the  magnet,  while  others  are  not.  hut  the  strength  of  its  magnetisr.i 
varies  considerably  in  different  loealitieti,  for  reiusous  not  certainly  understood.  Tlu 
most  highly  magnetic  ore  of  tlie  region  is  found  at  Blue  lake  toward  the  northeastern 
»nd  of  the  ra.iges,  specimens  from  there  having  distinct  polarity  and  attracting  irjn 
flings.  In  other  parts  the  pyrrhotite  is  tou  fecMy  magnetic  tn  do  this,  though  i; 
a'ways  shows  a  powerful  effict  on  the  compass  or  dip  needle,  .\ttempf-  liav.'  Iieen  ma  i? 
to  locate  ore  bodies  where  hidden  by  drift  or  obscured  in  other  ways  by  means  of  the 
dip  needle  or  more  delicate  appliances,  such  as  the  Thonipson-Thalen  magnetometer, 
and  a  considerable  amount  of  magnetic  surv»y  work  has  heen  done  by  .Messrs.  .Nystrom, 
Kay,  Miller  and  others,  for  the  Mond  Company,  the  I-ake  Superior  Power  Company 
and  Mr.  Thomas  A.  Kdison.  It  cannot  be  sai  1  however  that  up  to  the  present  anv 
\ery  important  practical  results  have  been  attained  by  this  nietliod  of  exploration. 

In  a  lew  places  pyrrhotite  has  occurred  almost  to  the  exclusion  of  copper  pyrites, 
PS  at  Gertrude  mine,  where  there  was  so  little  copper  in  the  ore  that  i>lans  were  male 
lit  the  Saiilt  Ste.  Marie  for  roa.sting  it,  and  reducing  the  resulting  oxide  directly  t.> 
ferro-nickel ;  but  even  at  the  Gertrude,  mining  operations  soon  showed  a  considerable 
prnount  of  chalcopyrite,  making  the  ore  unsuitable  for  that  purpose. 

Though  the  chalcopyrite  is  generally  present  in  much  less  quantity  than  thc> 
pyrrhotite,  occasionally,  as  at  the  Copper  C'litf  in  early  days,  it  may  form  tlio  larger 
proportion  of  the  ore.  The  two  sulphides  commonly  occur  together,  the  brassy  lustre 
if  the  chalcopyrite  distinguishing  it  from  the  bninze  of  the  pvrrliotiti',  and  pnlishe  1 
surfaces  of  ore  show  quite  irregular  arrangements  of  the  two  minerals.  They  do  not 
appear  to  be  very  minutely  intermixed  as  a  rule  however,  and  it  is  not  difficult  to 
select  fairly  pure  examples  of  each. 

Pure  pyrrhotite  contains  on  the  average  about  3.21  per  cent,  of  nickel  in  the 
>:i.|liiir\  re;;,. ill.  iii,i|  |iiii.i  .iiiiii.r  pMil(~,  (laviiiL-  tin  i .  iiii|i.isilii  ii,  (iil.>,,  .iiiilaiii- 
E4..'i  per  cent,  of  copper.  Since  the  ores  of  the  district  prodiue  on  the  whole  about 
eqiiiil  aniiiiiiits  of  the  two  nietals,  the  proportions  of  the  two  minerals  in  the  ciii'  must 
be  about  10  parts  of  pyrrhotite  to  one  of  chalcopyrite. 

The  variations  in  the  proportions  of  the  two  minerals  even  in  tlte  same  ore  boilv 
are  sometimes  wide,  as  at  Copper  Cliff,  where  the  percentages  obtained  in  diflereut 
years  present  (l:fTerence«  such  as  4  ()■■)  copper  to  4. ■40  nickel  at  one  time  and  7.81  copper 
tc  9.37  nickel  at  another.  The  different  mines  vary  even  more  widely  from  one  nnnthnr 
in  this  respect,  the  Creighton,  for  example,  having  nearly  ."  per  cent,  of  nickel  to  2  of 
copper,  ill  contrast  to  the  percentage  given  above  for  Copper  Cliff. 

It  is  piobablo  that  the  clialcopyrite  is  a  little  more  mobile  in  the  ore  bodies  thin 
♦  he  pyrrh.itite,  since  it  is  more  commonly  found  filling  fissures  in  the  country  rock, 
( r  as  a  film  between  slickensided  surfaces  of  the  later  diaba.se  dikes.  It  has  been 
observed  also  that  at  Copper  Cliff  the  ore  body  was  rii  her  in  copper  when  narrow,  and 
in  nickel  when  wide,  so  that  the  relations  to  the  adjoining  rocks  appear  to  have  kome 
influence  on   the  distribution  of   the  two  minerals. 

The  third  and  most  important  mineral  is  pentlandite.  a  ricli  ore  of  niikel,  having 
the  composition  (Fe,  Ni)  P,  with  a  varying  amount  of  ni<kel  som"limes  reaching  3' 
per  cent,  or  more.  It  is  not  easily  distinguished  from  the  pyrrhotite  in  which  it  is 
embf>fldiifl  in  fresh  ore  the  main  difference  beinfr  its  rntber  nerfprt  oetahedra!  c!er»v«2e. 
but  its  brassy  lustre  on  slightly  weathered  surfaces  is  characteristic.     It   has  not   be.  i 
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.;,...,     ■„    a    ,M,.„I„.,-   of    ,)„.    ,„„M.s.    ,„„l,.l,lv    l,..,.a,.M.    too    Im-lv    ,1,-.-,., .„.,!■    l,„t    a. 

(.■.•.«hto„.  U, „..„,;:,,„,,  Kva...  ami  a  hw  o.h.T  d.poMts  „  .onnt, ,,....  ,„.,„.■.  w.th 
•..■ava«,.s  halt  an  ■„,  !,  «„|,.,  A.  ..s,,,.,  nnw.ts  .  a.  n..,l  o„t  l,y  s..,;M  ,„.,.„„,  i„,.|,„l,.,« 
.M..~M-,.  Broun-.  ,)m,|.o,.,  D,.),..,,  and  C)^,lv„.,  lun.  ,,rov..,l  tl,at  «„l,  lu.o  .t.^Iupk  .. 
.iN.^n,..t  u.ll  M.parai,.  a  „„„,.  M,a};n,.t>,  part  «,tl,  l„,|..  ,„,  K..1  ,ro,  ,  |,..s  „,aLj.K.t,c 
i'^"'  n.h  .„  ,n,k,.l,  n  .,.,.,„.  prol.aM..  that  „hM  „  not  all  of  the  „u  M  k  .onta.ncj 
"•  I'-.tlan,  „..  „h„l,  „  nnn-n,a^n,.,..  an,l  that  t  ho  puro  pyrrhotit..  „o„ld  l,o  found 
'■■  '  oiitaJii  httio  or  no  nickel. 

In.n  pyr,t,.>  in  hoth  it.,  varic-fcs  i.s  not  infr^pu-nt  ,n  .1,,.  or.  d-poMt,,  scnnHunrs 
a-  di^tUKt  o,.,ah..,lral  .r.vMal..  ..n.los.d  in  pvrrhotito,  .M„„..,„n,..s  ,n  hu-.-r  ,p,antu,., 
vith  no  .rystaj  iornis  an.l  holon^in-  to  th..  variety  marcaMt,.  h,  tl,..  later  , 'i.e  ,t 
ii.ay  ,onta,n  a  ,  on>.,|erahle  ..ereenta^:-  ol  nn  kel.  a.s  near  the  \Vortlu„^t.,n  nune. 
^  Several  other  ,  o.npounds  ot  sulphur  and  ar.M.ne  u,th  iron  and  n„  kel  o,rnr  in  tk,. 
'■■"'"""^- ,'""  '"  -'"''  ^""'1'  'l'lant,t„.>  a,  to  ha,e  no  unp.ulan.e  a.  ore.,  ..,  ,hat  thoy 
""■'■     '"'   '"'    ■'"'  "■"-"l''at,„u    ,o   the  ,ha,,ter   on    the   nmieraK  ol    the  nickel   re,.,oi, 


RKL.MIO.NS  OH  omi  TO  ROCK 

It    Ik,.  aIread^      ,  e,,   .ta.ed  that    th,.  Sudh,  ^    ore  depoMt.   are   all    eonne.ted   with    , 

■>V^te    sheet     „1    ernpiue    r.H  k    „r    its    olf.et..     hut     ,t    Hill     he    well    ,o    diMU^s    ,  he    relatlo-s 

"I   ore  to   roek   n.ore   in  d.  tail.   Mnee   ,h„  ha.  a   very  prae,  ,e arin.,   ,or   the   pro. -u'.y 

'•'"'  '"""■'■  ■■"  "'"  ^'^  -•'■■■''   •' ■'■'!'■  i'"-'-'    '-■  tl,e  f;e.do,ist  and  mining  engineer. 

J'rospe,^ors  hu,«  „«o  iveo^jnized  that  tl re  i-  aluays  a-.oeiated   «i,h  a   par.Hular 

lunc  of  n„.k.  dionto  as  ,t  was  ^.-nerally  called,  though  the  work  of  w,„  Toullon  I'rof 
\  alkor  and  others  has  proved  ,ln.,  ,t  is  nonte,  a  variety  ,>f  .ahhro.  in  whieh'  , 
-l.'.nihie    pyroxene    is    important.       On    the   ord.narv    leathered    surfaeo   of    the    ro.-k    .. 

..usiy  attacked   a   sulphide  as   pyrrho.de  prac y  ncner  shcrws  it.elf,  hein^  ..omplotcK 

oMdiKod  to  l,„,on.to.  whoso  nis.y  hrcwn  ,cl,u-  i.  very  ,  haracteristic.     In  the-  Held    there- 

.ore     It   iH  the   burnoU-Iookini;  rock  coverod   with  gossan  which  attracts  attention,   and 

this   has   heen    .o   ..arofully   sought    for   tiu.t    every    patch    of   ,t   surroundinK   the  nick   1 

ruptivo   has   heen    taken    up    hy   prospectors.      The    ,os.an   varies   in    thickness   fron,    -. 

i.ere   film   to  chjcoMts  of   Iimonite  several   feet    thick,   and   almost   in.portant   cnou-h   to 

-   worked   as  iron   ores.      It  is  only  where  an    impervious  sheet  of  till   has  oovercl   the 

..sh    rock    surface   that   the  sulphide.s    are   still    found    fresh,    and    I    have   ob.se^ved    th,. 

only  on   a   finely   polished  and  striated   surface  at   the  C.eishton   mine,    now   ccnn.lotelv 

removed.      Kven   in   tho   few   .vears  since  minins   began,   the  older   strippings   and  tli^ 

uaste    rock    have    heen    so    weathered    that    fre.h    material   can   no    longer   he  .seen     and 

larce   f,a«ment.s  must  be  broken   to  show  the   unchanged  sulphides. 

In  eros.ing  the  eruptive  from  the  acid  edge  toward  the  basic  edge  little  rusty 
Iocs  like  -pock  marks  are  tho  first  indication  of  ore,  and  thev  may  occur  half  a 
mile  or  rarely  even  a  mile  fro,,,  the  acMial  edge,  with  rock  surfaces  free  from  .pots 
'r   fcZ'n   r.  T-\  ^   ^'  .s   approached,   ;„  mo-st  casc^  the  spots  are  closer  together 

r   form   hlotcLe,   wdrnd.   tinite   into  a  sheet   of  gossan  over  ore  bodies   at   the   margin   of 
the  eruptive  and  for  a  short  distance  bcycv.id  over  the  country  rock. 

Oiv  Icodies   are   not  found   everywhere  along  the  basic  edge,  though   one  may   walk 

or   n.des    ,,l„ng    that    edge    in    places   witho.it  an    important   break    in    the   rustv    band 

liere   are  however  a  few  places  along  tho  circumference  near   Windy   lake  and'  toward 

iK.  ncufheas,   o     Morgan  tov.nship,  in   the  northern   range,   where  no  gossan   or  onlv   .. 

few   of   the  pock   n,arks   are   found,   .so    that    the    distribution   of   ore    is    evidently    very 

unecpial.      U   will,   of  ^course,   be  understood   that  gcr=san   does   not   everywhere   mean    «,, 

thocifh    n    larije    arc>a    of 


Im„|, 


niml 

i>liil    cie\  ell, ping. 


gossan    has   nearh 


always   he. 


JO  noi>»;;a3int3  aqi  oi  unsaj  him  ami; 


IVK.S 


IlK 


luir\     M^kil    |.;i."'i( 
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■|  111'     HH.-l     v:,l  |,h,,  l,,i  \ 
liilmaiy    ill.'    iiiiiii-^.    mill 
H  1111    null    till.',   puiiit    III    V  II 
111     III. 


I..I    111. 


■I    th.      i.hiii 


1111.1    I. 


u    iiuniliri    . 

v\  .      Illll-t 


I   -I  ..l..-l~t.-  I 

.1  Ih. 


ruin    \  11  I 


I 


ai;n  rim 


mil'    iiiulti'ii     i.,ik    Initii    wliiili    tin 


urc 


I'KFf 


tliiit 
itid    ti 


!'■ 


„rc^iiti(J  towaril  tlio  ((in.-.  tli..uj;li 
.1  l.u  tliiiik  thi.t  til,'  i.r.-.  liiu..  I„...„  ■|,.|,„Mt.'(l  l,y  li.Mlr..ll,..|niiil  in.iiii.  I.v  r.'plar.inrnl 
".  'Ill-  in.k-l.ii-i.iiii};  mill, nil.  ul  ih,.  n.irit.-.  Tli,-  .■vi.l.ii...  i„  hu-.r  „|  tli,.  .li.'.iiv  .,.' 
ii.a;:ii,irti.  -. -i  .';;at  .on  i-  I'S,  ..Hoiitly  given  by  Dr.  Miirl.in  in  I, is  nii.irt  ..ii  tli..  nri.ii..- 
'""     "''■•'    ''""     '"■"    '""litis   could    bo    formed    liy    tli..    -I.,u    •..■|,:ii  at  i.,m    ,,(     tin'     i.    .vi   r 

'"""'"'"  •■"  ''' !«<■  "'  "  miiltfii  rock  mass  »as  clalHH  at.  .1  l,y   l>v.,i.   \.„^,  ,,i  (  Inistiaiii  i 

liii  til.-  ill,  k.l  i.ns  ,,f  Noruay,  which  havo  .similar  r.lat  i,.ii-lii|is  t..  ,,iiiv;  l.iit  at  aliout 
'ill-  -nil.,  till,..  Dr.  li,irlow  pxprossed  the  .same  viiw  „1  th..  Sn.ll.ury  .hp.K-it-.,  stating 
iM  l-'l  th.it  ■the  ..res  and  the  as-ociated  diaha.-.,  iv.t,.  tli.'ivti.n.  in  all  pn.liahilitv 
-iiiiillaii.-..ii-ly  iiitroducrd  in  a  multeii  coiiiliti.in.  the  parti,  les  ,il  pyntous  matter 
i'!.',«i',".;atMi;;  thcMiselve.s  togetlier  in  oIkhHi  nee  to  the  hnv  ,,i  mutual  attraction. "i?  Dr. 
Adam,.  a|,pli..d  Vo<rt'.s  theory  to  the  Smlhury  deposits.  I'mf.  Walker  has  supported 
111,-  .11111.-  ,,\plaiiation  of  the  relationships,  and  th..  hit..  I'n.f.  .•^tetzm-r  ol  Freiher^ 
M-   Sa\.,.iy    i,.   ..  Utter  to   Mr.    G.   R.   Mickle   in    Isni'   make,   ih.-    tolhminn   statement   as 

I.      th.-..-    ores 

■I'olishii.  ,.no  side  of  rather  large  pieces  Rives  very  pretty  n^ults.  In  the  or.' 
iroiii  th,  \  .iilion  mine  one  sees  plainly— much  more  plainly  than  on  th..  surfaces  oi 
tracture  ti.c  interKrowth  of  pyrrhotite.  chalcopyrite  and  characteristu-  vellow  lamellie 
which  niiiiht  he  either  mdlerite  or  pulydymito.  .Morover  on  a  jiolished  surface  like 
t  11.  tli«-  Mack  rock  inclusions  in  the  sulphides  show  up  plainlv.  The  true  nature  of 
1  'e.e  imlusions  and  their  n-lation  to  the  ore  is  di.i-hksed  liv  the  sections  One  se  .^ 
then  that   these  lilaek  rock   imlusions  in  no  way  are  sharply  divided  trom  the  siilphid.'s 

are  connected  with  them   by  quite  cradiial  transitions.     Those  of  the  Vermilion   ore 

Jst      (it     nimrty        Kr^iim      i.m-.o        ..1.  In^;*,.       1 l.l —  .1  ,      .,  _.  .1  ■   1     .  .  ■ 


but 


<on.sist  ot  quartz,  brown  mica,  ihlorite,  hornblende  and  some  epidofe-  those  of  ( be 
.^lur|■ay  ore  of  tnclinic  feldspar,  augite,  which  is  more  ir  less  dix-omposed,  .some  brown 
r.ii  a  and  epidote.  The  intergrowth  with  the  ore  is  siub  an  intimate  one  that  I  cann  >r 
regard  the  black  specks  as  tragnients  enclosed  by  the  ore,  but  can  see  in  them  only 
loriiiations  which  are  of  the  same  ajje  as  the  ore.  Similar  relations  of  ore  and  country 
rock   occur  aNo  in  the  Norwegian   pyrite  and  in  the  pyrrhotite." 

On  tlu.  other  hand  there  havo  been  a  few  who  oppi^e  this  theory,  siu-h  as  I'osi-pnv, 
>'.  ho  tlioiit;lit  the  presence  of  metallic  sulphides  in  the  magma  of  a  molt,-n  eruptue 
io<k  an  impossibility  ;i8  and  U.  \V.  Jlixon,  mana^.-r  of  the  Vi,t„iia  111111...  who  appears 
t  share  Posepny's  view.-)  Dr.  C.  W.  Dickson  is  one  of  tli.-  lut.-st  .blV.nders  of  th- 
theory  of  .iqueous  deposition,  and  his  summing  up  of  the  point,  whuh  favor  that 
theory  is  probably  the  best  that  can  bo  made.-"  He  seems  however  to  have  be.-ii 
singularly  unfortunate  in  the  choice  of  his  material  for  study,  .since  he  has  selected 
Almost  without  exception  the  brocciated  rock  material  em  l,r.ed  in  the  ore,  ami  judg- 
ing by  hi,,  photomicrographs  and  dc^-riptions,  has  not  studied  the  opposite  phase  i  . 
which  the  norito  is  thickly  speckled  with  the  ore  particles.  Dcriptioiis  of  su,  li 
specimens  will   be  given  later  under  the  chapter  on  petrography. 

Dr.  Dickson  believes  that  almo.st  all  the  evidence  favors  the  work  of  water  as  the 
means  of  deposition  of  the  nickel  ores,  but  in  this  he  is  alin,,.!  alone  among  the  ge,,. 
Ii.gically  trained  students  of  the  region,  ami  is  apparently  oppose,,  t.i  the  vi,.w."  ,.t 
Prof.   Kemp   in   whose  laboratory  lie  studied. 

My  own  work  convinces  ni,>  that  the  theory  ,if  magmatic  .cparation  .accor.l.  '..  .t 
with  the  facts,  but  that  there  has  been  some  subsequent  re-arrangement  of  the  ores 
by  .solution  and  lo-deposition  in  all  the  ore  bodies,  this  being  much  more  marked  in 
fffset  deposits  than  in  marginal  ones.  Many  „f  Dr.  Dick.-,,n\  cNamplcv  ar,-  from  .,lf.  t 
deposits,    and    naturally   enough   for   one  who   ha.l    but    a   short    time    for    field    work    i.i 

'he    region,    he   does   not    distinguish    their  characters    from    tlio. the   marginal    -I - 

posits,  which  point  more  clearly  to   an  origin  from   the   m„!t,  u   norite. 

.r,(;.  S.  C.  Vol.  XU.   Part  11,  pp.    iM-132, 

■  TlMd.   1890-91.   128  8:  al«o  Ottnwa  Naturaliit,    U91. 
ist.piu'iiiii   of   fire   DppositB.  p.    146. 

■  ofleol.   .Su.l.   Dist  ,    Knif,   .Min.   .lour,.  Dec.  29.   1904    p     10''2 

■  ir.iiirt,    .Viii.    irmi     ,\|inini;    KiitrmeiTS,    Vol,   .\XX1V.    pp     25,63 
•J  M     I  I  M  I 
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No.  5 


Points  favoring   Majcmatic   Differentiation 

^'"""'-1'    ''"     """!•    "I    l'>Hiiat„„   ,,|    ,|„„.   „,,,!    -nnihu    ,,r,    ,|,  |M,-,f.    Ir,-    I,,.,,    „  „1,  h 

'''""""'      "■""      '■ -      ■'■''■        ■"      •!''"      "i"'      "I       111.-     :>V-UU,rUt.      1,,,       .,r„|      M-M,ri-I       tli,.,i- 

'-"•■""•   ■'"•■'"■'    I'M.    Ml..    I„.,.„    I ,„,,|^   ,1„.  ,,,„,,, „,    ,„  ,„,„|,    ,,„,,,„.,    ,,,^^ 

"    '■    'l'-"-''l''   ' >•■    '!»■   UMMin.l   .-„.,.  ,„o,,.     :„„l    .„   l„-,-,„  ,„„     ,„,,v  ,„K   ,1„.  ,|,.,,.,„|...-, 

'     ''"■    l'^'l"-li""-l     -In....,,     ,1 ^     „|,;,t     ,-    ,1,..     ,,-,1     .„„,,,.    ,„    m,I|,Ii„|,.    ,.,,.--       Tl,.. 

""      '""-'    !'  =  '>•■   '■I''.,ni-I   'l,-„,    It., K.   ,,l    -,,„„■    k,„,|     ,,,i,|   ar    „  , 

„     >■    -"'■"    ''•■I'"''    '"'     ■■!■•"    'i"H,,-    ;,,,■    ,„,-    |„„-,l,l,.    at    .|..|„|,.    „,    „„„,.    ,1,,,,    ;,    ,,.„     „,|.., 
"•■    '■"""     '1'^"     ''"■    - I'"''-   "I    '!'■     -  lii>t>    .ui.l.rU,,,^:    ti„.    „„  L.I    ..,„|,t,^,.    ,,..    ,.„|v 

_■'-''''>       ll"l>''lll"MHI-.      a, 1,1      ,1,.,.      til,.      ,,,,,!,,■, 1,1,.      .,,„,,,.      ,.|      ,|„,      ,„..      ,„,„t       |,;,i..      I,,„,       .,,.„., 

'"■"•■''      '"''-     "'      ''"I't,-,-      ,,"k  I,      ,1 ^„„:,l      -„,|,lu,l.-.     u,., ,t;,i,„.,|      t,.,,,„      .,      I,,.. 

"'"'""•■     '"•'-     ''""      I""-'      l'^'>"     l,.>>,i.,|     |,-,,t     ,,,      .!,:„      ,„,,.^„i,,     l,„-     .)„.,■..     I,     ,„,     „,|„,, 
,  III,,'    |.,,.>jl,|,., 

I'    I,:,-    l„,'li    ~li,.\    II    >l„',v    ,.     ,,.:,.,,„    f, 
lull.-    a, I, I    .1    ,|ii;nl,  ,     t  I,,,  U    ai,,|    il,,,,     ;t     ,, 


l"->''    'li;,l    ih  ■   -h.'.t    ,,l    1,1.  k.'l    I'll, 1,1,1, 

II, ..I     ,1,     tl„.     I,,;;, rill,,,-     ,t.     !,,«,.,     H,|.-.     ull.T.-    tl ,.-     ,,.-,l,r.     -Mllsi      I, ,1V,      1,,., 


Ipl" 

• l:,ii  ,1    part    .,1    ili  . 

tr,,i,,     I, I, lit,., I.    ,,,     at     l,ii-t     li.-iiiv!. 
•I"li-     "li\     -li,,,,l,|     ,,.,t     ~ii,li    a„    .anptu..    a-    tli.-    iii.kcl- 


""■'■'•    ""''-    ''"I""     'II-    -inla,-..        What    ,l„...... , i,.,l,|i,tv     I-    ,1„,,„    ,„    .,„,,,,., .n„, 

lliat    .1,,.    -Ill,, I, I, I,.    ,.,,., Null..,,,    a-,„,at..,|    xvith    |h,.    , „„,!,.    «..,, 
"'"I''ii     iii:i._'„ia-  Il     th..     .,,li,tj,.i,.     «,.,.,.    .,l,ta,l,..,l 

•I  i,|)l,\,     1,1,  k    at    a     l.'U     ,,<ll 

''•'""-    ^'""     ""■"■    '' 'I'""    iii'l'-    'l'-»ii     '■Miiu    .1,..    -„lpl,,,|,.,     „„1,     ,t-       Till.    .|„,^,1| 

'•'     -"''■■■«■<"     ^iii^"-'     ',.    l',-.|„iv.     .>l„,    li,.l,..N..,l    tlia,     -„l,,l,„|..-    ,.„„1, ,,„,„     ,,:,,,     ,., 

'   "i-l'.n    .."k       W,     k„„«    tl.ar    -„1|,1,„|,.,   ,|„    ,„,,„    ,„,,,,   ,„    ,„„|,    ,,„,|^^     ,    ,,,„,.„   ,^,^ 

" '"■'■""     '''"^""    "''^     "■'""    ^'     ""l"    ^""1    ^1    M.ian.r-.    tliakii,-    ,,|     i„au'M:a     -„I,,ln,l... 

'"""-''    '"   '"■''^"   ''"■    •'"!-'    'l-l-it.    -1 1,1    „„,    .,.|,a,at..   ,,i„.    ,„,,|,al,lv    li..l,,.,|    1,^    .-lav:- 

tritl.ili 


Til.     .,,,_',, 1,1. 'iit^     t. 
I  M.tis     a>    l,,ll,,u~: 


I-    i,iai:i,iat,,      M.^i,.:;af  11.1,     ,ii     tli..    Siiijl.iirv    .ji-t 


n  It  1 


.  '       '' '■-    ■■"-    "Mi^»ti'i-    a.^,„,at,.,|    „,t|,    tl,..    i„„it,.    ,.1     a    Mll-I,.   ..nipliv,.    >.ll,.,.t 

Ni.   ,„■,■   ,,r.a,i.    „,tl,.„„    ,„„.,t,..      \„   1,,,,,^  .tr,.t,l,    „l    ,|„.    lou,.,    ,.,k.,.   ,„    tl„.   ,i„nt •    i*. 

ilik,.-lik.,   i.H-.t-    ,>    ,„tiia,|y    ,l,.v(,iil    ,,t    (If... 

-J     N„iit,.  ati.l  „n.  a,..  ni,N,.|   in   ,.,  ...-v   ,!...,■,.,.  |,,„„   ,,«  k  ..,hI„mi,^   .,att,,r,.,|   parti.l,-. 

'•■     '"    I'vnli.it.t...,,,,,,,,.    ,„    „h„l,    ,„..   an.l    ,„,  k    atv    ,„    ...pial    a.„,„iMt..    ai,,!    linal'v 

'     ^''""-'     I"""    '"•"    "'"'    ■■>    '•■"     i.Mk-l„niii„i;    Mun..raK    M.att.T,.,!     tlin,„di     it.      Tin. 
:'l:,ti„„-l,,p    K    1„:„„|    at    ..vrv    „i,„,.        N,,,-!,,.    .p,„,..,|    „;,,,    „,„    ,,   „„„„,i„„.,    ,,„„„,    j^, 

,  -    •'    '""-   '''^'■"•"'    tl'""    'I,..    ii.af.M    ,„..    IhmIv    lui.l    M.pnrat,.,!    from    tl„.    hasir   ,m1..  ■ 

'■'     r.ii  k    tr.'..    1 1,(111    .ire, 

••1.    Tl,..   a.|j„ii,i„i;   ,„,k.   uraiiit..     mi..j,..    yn,,.„?t,„„.   „,    yravwa.-k,-,    i.    n,.v..r   .p„tt.„! 

""'    -l'^"^"''l    '""II-  ■>!    -<•■   :'<<■   iMv..,    ,.,i,.| ,„    ,,.    |„„    ,.,.,,,1,,,^  „,    ,,,,,.   ,„^,^, 

l'"""^"-    'I"     •,.i,iit,N     ,„.k.    a, I, I     alliHwt     alwav.    1,1, „.k.    ,,t     ,t     .,,,.    ,.,„■ ,|     ,„     , ,,. 

""■   -l'^'"-""'^   ^""l   .vn-lnim    ,,1    til..    ,„i,,it,v    ,„,.K    ,,.,.k    „1 „  1„.„    ,1,„    „  „.k,.l .,  ,  ,i„t  ,v.. 

l,r,..,l    ,f.    „av    l,..t»..,.„    th..    upp..,.   M,l,„„.„t.   ami   tl„.    I.nv,.,-    ,  rv.tall,n,.    r„.ks     ami    tho 

li.'„v„.r    a„,|    pn,l,al,l,v    „„„v    ,|„„1    .„lpl,i,|.„    ,l||..,l      ,||    h„.    .pa.-s    th „.„..>!.       Thorn 

ar.,  .itt.'ii   ,l..aii   ualK  ,t   ,,>,i,it,.y   r,„  k    at;aii,vt   lar-,-   i,i„li,.s   „(  p,,,-,.  ,„■,. 

t.  Th..  tr..sl,...t  „„-,t..  i~  s:..m.rallv  ,  l„s,.  t..  th„  ,.,■,■  l,„.lio.  an.l  i.  „ft„„  sh„tt..,|  «ith 
If  Ih..  lu.st  pn.s.T  ,.,!  h.vp,.,Ml,..:,...  at  tl„.  M,urav.  Crcitrht,,,,  and  (.•.•rtr „,l..  tiiin-M 
-II'  II.  M.,t,.,„.  ..iiita, 11,11.^  Milphi,!,,.  a,„|  ,i„t  ,„  .p..,„„.,ns  tV,...  from  .„lphi.l,.s  at  a 
■liMa,,,.,.  li,„„  ,|„.  „,„„..  \„  ,.„nM.l.raM,.  ani„„„t  „f  r..-arrans.n,„.nt  canso.]  l,v  wat,.r 
■iiiiM  lii.v  tak.M.  pla,„  «itl„,„t  .haimini:  m,  mim  ..pt  ,I,|,.  a  niituTal  as  hvprrsth,,,,,,  i„, , 
■iidi'ilary    miiicrals. 

.-I.    Th..   tiiaminal   ,,r,.   I„„l,..,   .h„„    hai.llv  a   tra,..   uf   li>  ,l,„thvr„ial    ,.r    p„ natolytic 

atnr.n.      Th,  r..  ,,i,-  -,  i.i,„„   „„>   ,,i   ifii.  iiiiii.Tais  iiv„„i   ,„   ,l,.p„Mtx   toriiic.l  hv   witiT   .■x,...pr 
v.ry   .niall  ipiant  it  i.,s  „f   ,|„artz  an.l   .al.it..,    an.l  th.-..   ar..   ,..>..„    i„    Manw  .  iittit.g   tl,n 

■2  Mil  (111) 
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""■    ^""'    "^"l""!.     ,,t    la..,     In, ,„,„        •||,..,„    ,,     ,„,     l„„,|,„i;    ,,„l ,„.    |,,,,1.     „i„.,,. 

'■"""-    ■'"■     ""•■''     »'"'     M.„i..,,.|.    .1,.,,„M,,,1     In.,,,    .„l„i,„„,     ,„„     arr    tl.wv    ..........tr,,. 

.-t,,,.  III,.,    al...iil    III,.   ,,,.  k    u,,::ii,,.„u    .„,|,.,..,1    ,„    ,|„.  ,,i. 

''      II"-    'I'l"'-!'-    ^i"-    .■M,..„,.l>     .,„,l,„„,.    a-    -l,..»i,     l,^      !>,       |(,,,l..»       a    la.,     Iial.l     t.. 

-■""""    I'"    IM   „:ll„.~   „all,-i...|   al.„ii:   a   l,,i^;ll,  ,,|   .T,   ,„,l..-    «,,l,    ,„,,,,.K    ,|,1|.,,,„;    ,,, 

l,.rk.   ,„,    ..,„.   .„!..    „„l.--   Il„.s    |,a^..    l,a.|   a    -,,,^1,.    -,„,,,.•     I|,..    ,,.■     »•   „  I,    ,,   ,,.   ,„.l„„- 

•■II-     ■!-     'I ,.-      tll|.||i-,.|\..v 

'■     ""     '"'~'^'    ■'"•    '""1"'^    ••"<■    "li'i"    Im.x-    .,1    ,!,.■    ,„„„..    |„,,|.,       „,,,,    ,,„     ,„„„,,.. 

,."  k   .,,    I. II    .,l|.,.t.   In, I,    >,„||    |,|„ii,l  |,k,.    I,;,,,      ,1,,.,,.    I,   „  I, I,,,,    ,.    ,1,,,,,,.,.    ,„,,,  It,., 

'"""-   ^'  -""^1"    II, a,-, „      ail, I    •.. |,,„,|,|   ,,„    ,,,,,,,   ,„    ,|„.   ,„,,,.,„    „,,,,r,    |,',,,j„,  , 

,i»,.,,l-    ui-t.a.l    ..1    .,„t«anl>       Tl,,.    ,.    ,,it,.||,i;,l,|,     ,,    ,|, ,,,,,|,,,|    ,,„,,    ,|„,    |„,,|„„, 

'  .mI.-i    iI„.    i„„lt,.|,    -l„.,.t.    I,ut    ,|i,il,.    „„a,,,„ii,iaM..    ,f    ,t    «a.    l.r,„ii;l,t    ii,    M,l„ti,,i,    In.'.i 
.  l-.ul,.-,..  a|.,im  ll,.-  ,  lia,,„,K  l,,rii,-l„.,|   l,y  ,|„,  ,,,„ta,.t, 

^^'"''-  "'•■  "'"■' 'I'-  ""■  I- I-  "-"1  iiM^n.alK    t,.  ,1,..   „,a^„,a  .„    , .,,„„„,.  .1,,.,.. 

■    1'^'"-    '"    "    l'^'^"    "    il'-ilv.l    „n.l    I,    , I,  ,,.,-,..  ,1    i„    all    ,1,..    ,i,,,i,„      „„     ,„,,,,„; 

'"    "-""■ '•^'''■■'-'  '''^•-  "'"'I'  ■"•    'I-  "'•■  I-I-,  ai.,1   ,1„.  ,„ ,    n..ai,.ai,«..„,..|„ 

I.   I,. ..,■,•  ,„a,k,.,l   ,„   „tl-,.,    ,1,.|,„.„,  ,l,a„    ,, .,.,„al   ,        |„   ,|„.|i,   ll,,.,,.  ;, ,,,  „   .,„,|| 

■iiiiiMt.li,^,,!    ,|,iarl.   a,„l   .a,l,„i,a.,.v    |,n,l.al,l,v    ,i,.|,  ,Mt..,|    l.x    „at..,.      K,,ialU    ,  |„.n.   ai,.    a 
l.»    ,l..p„MI.   a,.„l„|.a,ii,.,l    l,,v    1,1,1,.    „„l,t,.  a, 1,1   ,  ..iitall,  nit;   a,-.„„a!    ,  ,„„  ,„.',„„1,     „,i„!„.. 

..11,1  «.TMl„iM,t..,   .-,1,1,   a.   111,.   \V,,rtl,ii,-l„i,   and    Vrrii,,l,o„    „,,„...    uhi.l,    max    hav,.    I 

""■" I"'>i'ip"ll.v    tl,n>„i;l,    tl„.    a,t ,1    h,.„„.,l    „a,,.,.    ,.,n„|a,ni,4    al„i,.'    Ii-.i,n-.    .n 

il-talK,...    -,,ii„.|ii,i,.,   ,„,!,..,    a«ay    In, in    l| {,_,,.   ,,,    ,1„,   j,,,.,„    ,^|,,|,ln,.    ,|i,..  , 


I 


TYPES  OF  ORE   DEPOSIT3 

Tl„.  S„,ll„,iv  ,in-  ,l,.p„Mt.  haw  1„...„  ,l..M,il„.,i  ,„  van,.,,.  „a%.-  i,v  .liir..,-.,,' 
.l.-orv.-,-.  ;..  v,.,i,.,  ,„■  ^t,HkH,irk..  .„•  I..|,m.v,  and  tli.T..  ar-  .■xamplr.  that  '-„...•.  ,i  all 
•■     th,..,.    f,,ri,|.<.    th,„mh    n„i„.   „f    til..,,,    M,.,,,.    rrallv    ,.l,ara..t..ri«f  i,.        V..|i,-|,k,.  ".h.iM.Mt- 

''"''   '■""""" ""'11   ':"""'-l    «''ll-   ■■.•"<l,n,-   f,.>-  any    .li.tan,..    air    „i,K„„«„     th, I,     ■ 

•■iii,.ll  ont.n.p  „t  „n.  .  „„thw...t    ,f  C.pp,,,  (l.tf  s„n,..„hat   .„«i;,..t.  a  win       T'„.  I.n,,  "if  .| 
i...k   ..n.l.,M.,l    in   „n.    an,l   th..    iiarn.w    M.ains   „f   or,.    pn,,,.><tiim   int.,  th..   ,.„„ntrv    n„  k 

.    MMd  at   n.anv  niin..v.   s,„h   as  th..   M„„nt   .\i,.k..l  and    l(l,./.anl,    ha^..  s.mi f   th,'.   I 

i.atnr..-   ,.1    a   st.„kw,„.k,    hnt    this   arian-..n,..Mt    ,,1    nnk    an,i   ,».■,   tl„j,i.'l,    n„,n.  ,„■    l..s, 

I  "'    "*   "'"  '■'^•-''  "*    ♦•"•   iKiiU'ilyini:   ...n.ntiv    n„.k   at    all    th..   i„,,i,s    T.   „„t    tl,..   M,.,-t 

,.n.m.n..nt    t..at,ii-..,   .si„,.p    it   offn    pass,.s    ,„t„    s„l,d    „r,.   with    hanllv    anv    n„  k    .,t    tl„. 

i.,r(;..-    n„i„.s.     Tl,..  t.-rni  l..ns  aK,,  is  i,„t  ..„t,r..ly  a „pi,at...   s„„,.  „   „„p|„.  ,, , 

thnl^T   ,n    -h.-   niuldl..    and   narnmin.^   in   oaih    ,iii-..rt,„„     with    f,  „lv    ,|,.|i„,t,.    wills   „l 

""'"'■'    ""'^-   '"'"'" ^  -I'l'""   '"""'I   "I   'll-   'i„.k..|   ,li.n.,,,      (.,.   ,1,..  „|,„l,.  ,l„.„   „,„„. 

.1  tl„.  nanu.s  in,.nti„n,.,l  -.-..m  ..ntir..ly  .siiitahl...  an,l   ,t   ,.  I.anl  t„  s,„r„„.,  a  ,r,„„l  ,„.„,.,.,, 
t.Tn,    f„r  th..  d..p<«its.  "  "         l-Mi.  ,al 

'-cokinK   at    th..    ni,.k..l    rai,n..s   „,   a    l,n,a,l    way    t» ,hr,.,.   tvp.s   ,,',l..p,„„    ..,„.,„ 

p,..tts    ,l,st„„.,.    a-    s„i-,^..,,.,d    ,„    a    t,.,n,..,.    ,,.p,„,    „|    ih,.    Mi, nan    ol     Mi„„.     ,    ,,,„|    ,,,„ 
."..Tords   fairly   „..ll   with    Dr.    HarlowV   tr..at,iu.nt    „f   tl„.   ,|„,.s„„n,    sin,-,,   h,.  «l-„  n,.,k,. 
thr..,.  typ..,s.  though  with  s„n,..what  .litf..r..|,t  ,l,.hn,ti,.„s..-     Th,    ,vp..s  ,„  j,r,.at,.st  i,i„',ort- 
i-nco  may   he  spok.-n  of  as    Marginal    I)..p„sits  an.l  ()ff.s<.t    l),.p„Mts. 


iMarRinal  Deposits 

Th,^  marginal  deposits  arr  foiin.i   at   th.>  l.asi,    ...1,^,.  of  ,h..  ..niptiv,.  sh..,.t   al,.,,.-   tl,.. 
iiMita,.    »ith    th..    „n.h.rlv,ng   n.rk.    an.l  s,,  hav,.    t,.    ,l...    „,,,|„,a-t    ,,„  th-   ,oi,tli,.,..    ."".ng,. 
an,<  to  tho  northwnst  on  th,.  nortli,.rn   rang,,  a  wall  consisting  of  th,.  ol,l,.r   n.-k-    giL-rs 
Ciaiutr,  sr.Tiist.meor  giaywaik...  Tiii-  is  g..n..rally.  hoH..v..r,  v.tv  „n,.ron  a,„l  ,r,,.,.„l  .r' 
.-p,.u,i;^   ,,„  (i,..  Mi,,li,..|„  rang,,    an.i  ,,lt..|,   i |ih,..l  l.v  l.,i,li, „,/,(>„  ,|„.  ,|,,,,|„,,„   ."...T.'. 


'I  1903     pp.   278-280. 
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...  U  ...  ,„||„„  u  a.  a„  ■rr..K„lar  shm.  On  the  .o„th..r„  ran^o  th..  unUorlying 
><.K  luu..  «..,M-rally  l„*n  a  «,md  .Lal  shattcTod  and  faulted,  s.,  timt  .1.,.,..  ,s  I.^s 
...Nian  y,  ,1,..  .,.,t  uall,  U  ,,  ,„„y  1.,  so  ailed,  l.e.n^  rM««.,l  and  much  broken  up, 
l^ut  ha^,„«  ,n  .he  main  northwest  ,vard  d.ps  nt  K)»  ,o  .iO-.  Kault  planes,  as  at  North 
Ma,,   may,   ho»ew.r,  prov  He  a  «ei;   mark,.,)   t,^,t   wall   «,lh  a  steep  ,lip  .,i  ,„>  to  b(H. 

«)..  .;■■  inward  .Mde  toward  the  nonte  there  is  ^eldon.  a.,ytl„n^  wlu.h  ran  he  .all..  1 
a  «all,  un„.>s  son.e  .aultin«  has  oeeurred,  and  the  ore  depos.t  pra.ti.ally  hlends  ,n,„ 
l.e  norae,  „or'.  he.n«  stopped  ,n  that  ,i„eet,on  when  the  nnxture  of  ore  and  ok 
iM-onies  too  por.r  to  .'Xploit. 

The  n.arfiinal  deposits  then  are  irreKular  sheets  of  ore  penetrating;  slightly  and 
en  elopiUK  ,,a«n,ents  o,  the  foot  wall  and  fading  out  on  the  han^„n«  sHe  .nto  norite 
w..h  ,oo  h  tie  ore  to      .•   workable.      They   alway.s  dip   .nwar.is   tow.rd    the  a    1   o     t   ' 

^nillwkn  '."'"'  "r^" -"" :''''"'-' '""" "  '-'■  '•■'•' '"  -'"'  "■'■ """  -^  -'  i  '■ 

.  I  kn  ss  o  „„xed  ore  and  roek  to  L'oO  feet  of  pure  and  mixed  ore  in  all;  and  the 
.n«.h  ,.  e.iual!y  variable  hut  usually  several  times  the  thiekness,  in  the  eale  of  tl,.. 
trei^jhton   mine  reaehinK  several   hundred  feet.      In    faet  one  .h.pos.t   n,ay    he  .onnected 

away,  as  the  Murray  mine  is  conm.ted  with  the  Kl.ie.  Mow  ,leep  the  ore  bo.iies  go  on  th, 
n.line  in  unk.iovn,  since  the  dc..p.  ,t  workinK,s  are  not  beyond  172  foot  ,at  the  lile"a  J 

Lot    and  Its  uro,it  open  pit  readu^s  IK,  feet.  Theorofeally  there  is  no  reason  why  these 
o  e   l„Klie.    should   not   extend  downwards   indelinitely   ,f  the   bas.n-s,,„p.,u  dep,..  ion 
.        ...untry  rock  continues    and  U   would   he  most  interesting  to   ,K,ve   a  few  dnll   ,">1 

;::'; ;:  :::.;::'Zi::' " ^ '-  •"-  "•"•■■'■  ■•■'  -—  '^-- "'--  >» 

TliemarRinal    deposits    include   the    CreiKhton    mine,    which    may    safelv    bo   calk-J 

tn"  Mo'.:     .'.fth""""    "V"   ""^"'    ""^'"^  '"^•^'"'■^'   "^'^"-^    Pn,hably-moro   tha. 

ha  I       ,    Ion         t  '  "     '  "'  '*  "  "'PP"*'"^   ''""'  '""^  ^•-■^•"*«  °f  diamond  drilling. 

nrt\Mijr  millions  ot  tons  in  reserve.  *""6> 


Offset  Deposits 


0«^f  •'•^PO.^'t^  o^^"'-.  ""   <l.ke-liko   projections   from   the  basic  edge   of   the   norite 

"ti   ^r"'  ""     :  "--'--dt"  in'>"Je  isolated  ore  bodies  on  small  out<rops   /,"'.: 

n         d.^H  ^'"^  ;°"*;''"f  ■«"   "f   -  offset   after   a  short    interruption,   in    thi     r  s'. 

t        tZd  t:."'        ,n         ""^  classification,    in   which   the  soparl   ore  bodi:  a7e 

„    .         ,r  u\     n  r"  '^•'"''cter  the  ore  bodie.s  in   i,solated  outcrops  of  the 

1  hard  y  at  all  froin  tho..,  on  the  dike-like  projections  from  the  main  range 

and  ue  .„,,j       ,tely   assume  that  tliere   are  or   were  channel.,   connecting   them    with  ^t 

:;:'rb:::::'::;d:;'a::;'^'^  --  -'- ''-  ---^  -'-'■■ '"--  ^l'^^^i:" 

Tho  ofTset  ore  bodio«  are  as  irregular  in  form  as  the  marginal  ones    but  thov  Jo  not 
n    ...   show   the  one-sided    arrangement   forced  on    the  others   because   ;f     h  ,r 'pos  tio, 

'"■'■  '""■ ""  "'"""-■'  ""I"' »'  ■-'"  >-  '■«  "-< « -  .ii.". .„,, :,-,  ,„  a„  ir,  ,„  r 
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-PPoMt..  on,  .  Ih..  ..vl.nd.T  dips  at  an  an^Io  of  771-  toward  tho  n„rth..a,t.  The 
re.d.l.or.ni;  n„no  to  tho   north.    No    J,   has  al.o   a   .vlindrMal  shap...    I„.t    Hs  s...„o„    , 

body  IS  n.arly  vortual  «.th  a  slight  m.l. nation  to  thf  H.^st. 

or,.  T.|!n  '?'l''""  ,'"'"'■  "  ""  .""""■''"  "'  "  "■'■"  '"'K'-l"  '••f-''t  .1,-posit.  lar«o  hodi.s  ui 
or.  h.,ni,  looM.l.v  onn.Mted  with  ono  anothor  at  var.ous  levels.  More  than  4(K)(KK) 
ions  of  ore  have  eonie  Iron,  it,   and   it  is  said  to  l.o  far  from  exhanste<i. 

In  a  K-neral  way,   the  olf.et   ,l..posit«   show   the    san.e    minKhnR    of    or,.    .,nd     ,„.. 
.  Lserved  .n  tho  marRinal  deposits,  fraRments  of  cow  try  r.K-k  of  all  siz.^  he.nu  end,... I 

ITow'ver '"*''"''*'  ''.''•''"'■"/V'""  ""'^  """'"  "'^^""'"^  ""  *heir  rock  d..mp«  ;  there 
.ro  however  more  ev.dences  of  the  aot.on  of  water,  .„ch  a,,  ,„artz  and  carh,  na.e.  ,„ 
»mall  amount*,  and  even  traces  „f  other  sulphides  such  as   :alena. 

There  should  perhaps  be  a  third  type  of  ore  deposit  detined   in  which  little  or  n., 
undoubted   nor.to  .s  found  and    so    much    evidence    of    pneumatoly.ic    action  that  it 
formation  should  be  considered  due  almost  entirely  to  the  action  of  water,  though  the 
materials   were  derived  from    th«   nor.te.     This  d.viMon    mi«ht    indudo   the  Vermilion 
m.ne  and  possibly  also  the  Worthington  and  one  or  two  others  in  tho  samo  region 

A  good  deal  of  confusion  ha,  resulted  in  the  past  from  the  non-recgnition  of  th,- 
difference  m  type  of  the  two  chief  kinds  of  ore  dep,«,ts.  and  Dr.  Dickson'e  work 
Tn^  irerK"^''.  T"  '^"  '^'^*'"^*'°"  '"'d  ^een  made  by  the  Bureau  of  Mines,  is  serious-, 
injured  by  not  ob»«rv.ng  it.     To  draw  inferences  from  th.  ear-ier  worked  chimney  l.kl 

ITmu'raltred    ''':  '''*'7'''  '""f  "^"'^  '*^''"'  ''"'^'"^•''  relatively  sman  amVn 
of   much   altered    nonte,    and    considerable   exidence   of    water   action,    and    apply    the 
results  to  the  marginal  type  of  deposits  in   quite  unjustifiable;   and  can  only   lead  to 


THE  SOUTHERN  RANGE  IN  DETAIL 


,  Mt    ZT      ,     .  \l^  '""^'^  ""•^  '^'''"  "--"^i-t-d  rocks,  and  this  has  been  carried 

rut  n  deta.1  at  the  var.ous  nickel  mines  of  tho  region,  the  parts  of  the  area  whi^h 
are  lees  important  from  the  economic  side  receiving  less  attention.  A,  our  vori. 
focussed   n.uinly   on  the  basic  edge  of   the  nickel-bearing  eruptive  and  its  offsets,   the 

^t\  ^"'1  Tu  "  "'^  '^'^"''"'  '"'™  '"■""  f°""^'   't  »•'"  ^^  -nvenient   to  follow 

the  basic  edge  of  the  eruptive  in  detail,  describing  the  ore  deposits  and  adjoining  rocks 

Is  [  TA  ;  •:/"""'  °' •"""'"«  operations.  The  acid  edge  of  the  eruptive  wi:l 
f  und  t>t  tt  "■;  i*  't;  "vocations,  but  in  a  more  summary  way.  As  it  has  been 
f.und  that  the  width  of  tho  eruptne  has  an  important  hearing  on  the  number  and 
size  o  ore  bodies  it  .s  advisable  to  take  up  both  edces  of  the  sheet,  tho  upper,  or  aci-l 
ns  well  a«  the  lower,  or  basic,  edge  in  order  to  gue  a  complete  account  of  th«  ranges! 
Our  work  has  proved  tnat  in  reality  the  outcrop  of  the  nickel-hear.ng  sheet  is  ro-, 
southeastern  corner,  yet  tho  custom  of  the  region  divides  the  known  ore  deposits  into 

Usrlnd  wlr  V'T'  T"  :'""  ''""'"  ''  ""  ^""^•'"'^^^  •"•"'  "f  *•">  boat-shap..,l 
hel  th  northeastwards    along    tho    southern    ran.e,    and    afterwards    take    „p 

norite  edl",""''f'n  "  ".""  "  T'  '''""  '"""^•'^  "'"  '"^  '""'"■''  "'  -  -"tinuous,  the 
nor.te  edge   being   followed    the   whole   way,    though   somot.n.es    for    miles    ,io  ore  bodies 

o  asT".-  H  It  ''•■  '''"  "''"''  "'"  '"  ''""'''"'  "'""-  -»'^  *he  main  ra^gl^ 
so   as  to  give   tho  rolationsliips   in   tho  mo-^t  comnrehen.ivo   „■„,.    .i,„.._u    :,    ,  . 

the  actual  physical  connection  between  the  two  mav  not  be  apparent'on  ■the"s''Jrfacr'" 

It  need  hardly  be  said  that  the  present   nickel-hearing  rocks  are  only   a  remnant 

' .  a  «heet  wh.ch  formerly  extended  more  widely  in  all  directions  and  perhaps  covered 


liurcau  of  Mines 


No.  5 


'•'""■    "'■'"    ''""'■''■    "■    I'"    -I"    iii'a.      il,„t    »,all,.M.m    a,„|    ,,,..,..„    |,,,..    .  |,  -t  r  nv  ,.,|    I,,.,,. 
'''"'■    "'    '"'■"     ""I'      "I    '!"■    i-l-    i"M.l    M,llll..l,^    „|    t,,„.    ,,l    tl...    ,„,.    ,,    , .,,,1.1,1    lro;„    tl,- 

I'"'""      •"la,l-..„„  ,,,     ,,,     ,1,,,,^..     ;,,      ||„.     |,„,„;.l,.|     ,.,li;,.,    ,,|      tl,.-     vli,.t        -,,     t|,,l      u,-    ,,.,. 

'""    •^•"'"rii'il n.|ii,ni,  ,,l   all,.,r,  ;,|   „  ,|,|,il,  ..I    ,ii    1,.,.^    ih,,  ,„    tl,,,..    mil.-   I„.|.m    'I,.- 

'    "^"'^''     -"<'■'■'■    ■'<     'I"      .nM„l,v  |„     ,|„.    l,.i.,„„,„^    ,|„.    1„,,„      ,,|...    ,,,     ,|„,     „„„t,.,,„     ,;,„.,. 

""~   '"^''''l   '"    'I"    ..».iK:in;  .lupn.-   .|,....t    1,,   ;,    ,j.|,,|,   .,1    ,„.;,i|v    ,„ ,1,.,     ,,„,!    .,1,,,^,. 

""•  "'■  "■■"    -"I'l ■  '1'^"   •!,.    -.-.I,,,!.,,!-  ,,1    ,!,..  T,,,„,    h,K,.  ,,,„nl,,„„.,;,i.  ,   ()„.,|„„(,   („(f 

•'""■'""    -I'""  •""'   •  li'lMi-l.r.l    -,,!,. l-t .,    ,,,„|„.,|    :,    tl,|,kl„.,.  „|    ,u„   „,,|,.,        I,    ,,   ,|„„, 

''"     ''■'■'"'' I"    "I    'Im-    r.ri'.ii,    nli.i.-    iiHi.  I,    Ira,  II, Ml, i;,    laiilt,i,i;    a„.|    -..ft  I,,, ,..1,1    w.iit    .,., 

•'"""-  ""■   ■■v.-,v.-l,v    .!,,»    I,„ii   ,,|   ,|„.   „„,|,..„    ,1,,,.,      ,1,,,,    ,.   .,,    I    ,,,,    ^,,,,1^      ^^,^,, 

i!;,i,.\    |M,i,,t.-   »,ll   I,.    M,.ir.-  iiit.llm,l,|,    ul,.,.   .1,,.   ,.   I,,,,,,..   ,„   ,„|,|,| 


Sultana   Nickel  Mine 

A.     tl„.    .,„.||,„,.-,    ,.„,|    ,.,     ,,,..    .,,„,|„,„     „„;,,. I     ,,,„,..,    ,,    ,,„,    ^,,1,, _^_,^^.,    ^^^^^^^ 

i-=nl,..l    !,,..■,     \\,„tl„„^t„„    „„    ,1,.,    sa„|,    |,r,,„.l,    „l    II,..   (•a„a.|,ai,    Ca.H,,-    Haihvav     t,v 

■'    >"^"l    ^''■■"'     .     n.ll.v.    ,„     l,.„ml.         Til..   <l,.|,„.,t    ,.    ,,l.    |,„,    r    an.l    M    ,1,    ,1„.    VI     .■,„„..sM.,„    „t 

Dr.irv    t.,»i,.|,,|,,   an. I   tl„.   .a,,,.-   I.,t.    ,„    ,|„,    i    ,,„„  ....,,,1,    „l   Tnll       Tl,..    I am!   ,,ffi.... 

""'    '1^""";   '!"■  -l-v iM.'iit    .,1   tl,..    |,r.,i,..rty  Maii.i   n.-ar  tl,..   <„rM,.r    ,,„.t    lM.t«-,...|i   tl,,. 

I<,t>   |ii-l   I, I. .nil,,,,. ..I.  aiHl   tl,..  strippii,^>  an.l  ..tli.T   >w,rkii,ts   t,,ll,,H   tl,,-   l.uit   ,,l   tl„.   lull   n, 

a  .l,i...tiw.    Id  ,l,.^i..,  .   „,..t   .,1    i,„ril,   to,    alM.ut  a   .,iii.rl..r  „l   a   n,il..  fi,„i,   tl,.-  .-.ii,..,-   post 

-n  thai    tl...   a.tiial   »..,k,„«.   a,-..    ,„    l,,t   H   „t    Vnll  :   l,„t    ■   t»,.   s„,all    ....t.n.p.  .,<,■„,■ 

en   tl,..  I,,|K„|..  at    a  .l,,t.-,i„..  „|  II  .„■    10  ,  |,aiii.  m,„i|,   .,|   tl,..  .■„n,..|    p„st   alMi       Part   „1  tl,.. 

(Irpi.Mt   ,.  t|„.r..|.,i..   II,   I),.,, v.  anil   tl„.   k    .,«  i,  ..xt..|,t   „t   -1 r..  ,^  t  l>r....-t..ntli<  „t   a   mil,. 

It    ,^   pr..l,al,l..   that   laftiil   ...anh    w.mlil   .IimI„>..  „r..   still   laith.r   l„  tl,..  M,.ith   ahuL'   tl,.. 

"''-'     '  '    ''"     I'lll      '""    'I'-    l'"~l.    i-    tlnrk    a„.|    ,„,    „.!„.,     |,,„t-    .,1    .^,,.-ai,    »..,■,.    I., I 

-M'.M   n|   til..  ,,r..   t.i   tli,.  north   ,,|    1 1,..  .amp   ,.  aloii^   tl,,.   |,,vv..r    llaiik-    ..t    tli..   lull.    I,, it 

HI,    ofr^.t    run-    '.<   (liaii,.-    to   tl,..    u,.-il    a    littl,.    i,,,itli   ..t    th..   ,,,rii.r    p.M,    ami    two    lari;.. 

Miippiim-   at    tl,,s   p.,, lit    -li.Av   ,.r..  at    -I,..   l,,ll   top    117   t....t    ahin,-   tl,..   ||at    at    tl,..  h,,Hom 

Th.r..   ar..   tin..,,   -halt-,    ri'sp,.,! ivfly    i;t.    111   ami     I'iii     tliaiii.,     to     th,.     tmrtli     ot    th.. 

lorii.r    p.r.t.    an.l    l„.voii,|   tli..   la-t    -halt    th..    hill   turn-   otf   t.i   tli.-   »,.-l.   and    i i,.r,.   

I-  to  I,,.  M.,.|i.  'Ih,.  ,|....p,.M  -hall  1-  -ai.l  I.,  I...  iloM  I,  Ijii  ,,r  I 'Ji ,  t,.,t  ;  ami  tli,.r,.  i-  a  <iiii- 
M,l,.ralil..  .|iiaiiiitv  ol  ,,r..  on  i  li.-  .|ii,,,p-  A  .lull  ho!,,  -imk  a  littl..  i,,  1 1„.  ,.a-t  „1  tl,.. 
last  -halt  s|„,M,.,|  .-ir,  l,.i  ot  ,  iav  ami  -an. I.  tli,.|,  norit,'  l.illow.-.l  In  ^,,m..  or,.,  an, I 
iMially  nr... list. ,11,.  mil,  nior..  or  1..--  „,-,.  Th..  ,|,,,  ,,,  ,|„.  ,-,„  ],  ,„,,,„,.  i,.,,»,,,,„  ,|„,  ^|,.,,, 
nml   th..  .Irill    hoi,,    i-    ali.mt    In  .j.-.^r,  ,.s   i,,    1 1,,.   .-as. 

In   L'.mral  tl„.  ,.r,.  m   this   |,-alit>    .,.,.ms   to  ],,.   ,„   ,|,.p,  ,.ss„,„,  „t   th,-  hill   as   i|    ,t   ha. I 
.■III.., I    nil,,   th,.   h,»,.-t    |,ia...s       .\s   ,|„.    r,„.k>     liilU    lM„imliii:r    ,h..   s„:,„,,,y    Nall.y    t,,   il,. 

<ast   ami   w,  st    s....|,,   t.,   I.,-  ,,,m,.,^,i,^   i,,uar,l   th iiih.    ,t    ,s   m,t    iii,l,k,.|y    that    or..   i,ia% 

I.,  loiiml  I... math  th,.  s».,,,ip  ,,,  ,ln|t  n,  that  ,lir,.i  t  ion.  I,,,i  up  i,,  1 1„,  |',r,.snt  nor,,,  h-,- 
'"'"    "■l"'i'"'l.   mil'    i>    It    kii.,1   ,1    II    an   .ills.i     nm-    s,,,it  huai  ,1-   ,iit,,    Dmry   t,nvi|sli,p. 

'I'll,,    r...  k-    lorniiii-    1 1,.,   hill    u.si    ,,i    tl„.    -o-san    a,,-    not     l.anr.nt  laii .    as    si,yi;..st.  ,1 

'"    ''"■   '''I    '"■'1'-.    '"'t    Ml.     r..   Ilk..     Hi:r.,iiian.     ,-im,.     ili,.v      ,,„|,„h.    ..,,;■„    s,.h,st    an. I 

""""•■■     ""''     IM-^^ll^ir     p.,t,li,.-     ,,l      „hal     app.ar-     1,,     I,.,     n,,,,,,.     p,  ,„.,,,,,,  „,;     ,  i,.-.,,     at,. I 

"'"-   ""    ''"'    'l''i''^    "I    ''!••    lull    t,,uar,l    ih..    |,,»    ...ironml.      .\1,„1,    ,,|    ,|„,    i|,||    i,,,,   ,  |,.. 

look   o|    ,  I  ii-li    I  .m.^linmral.' 

''''"■    ""'I''     liolHi    ol     tli,     Soilalia     ,-    i:,..a;i,\     i,ii\..,|    niri,     ,,|,!,.,     ,,,,1,,      ,.--.,,,.,  i  |\     -, 
fl.sl,  ,o|o,,.,|  arko-,.,   ami   lo,    hall   a    „i,i..  ,n   that    ,1,, .,  t  i,,ii ,    ,i    ,,    »,.,,.  ,„,,    ,|„    ,  ,„     li,,,],,,  , 

"'    ''"■   '■■'^"     "!-'■   '"■•"    'I'-   '""'■■   .""I    '11-   .■hhI   •"!./,.   siill    ,a,tl,..,    noiih.   „,,,||,|    I,..   1^, 

'•""'''    •'-   '"   ''"■    I'lMiiniisliip       Tli,.|.,.    „a-    a    -r.',,,    .■nnoiint    ,„    ,.ni-l,i,m    .an. I    laiiltm.'   oi 


..  ..  1.    .1. 


tr.iiiL'li.   Ihii    tl,.tlii,kl\    \\ 1,.,|   siiih, 


.n.i   ,11    III,.    t.o.,t-s|,ap, , 


.In-t   u,.st   ot    th, 


111,,   il,..   I.,.iim|.| 


pr,.\,.nts  a    \..ry   i  .i;ii  pl.t..  .si,i,|v   ol    tl 


llo'ZN 


a   iiiil..   to   th,'   northvi'st    it   Is  ,  ],. 


irii,'    Is    l|.,r,|   t,,   1 1 


lint    ..Ih 


fi.    Huaiii   no'    la.    1 


rom   H    »acon    roail,    now    tall 


JO  noi»8naoq«o  agj  m  unsaj  iiim  aoiij 


IVO.S 


The  Sudbury   Nickel   keKiun 


23 


:Mtn   rum    ;iihI   t!.u,»  „    uj,    uitl,    l,u-l„-,    ,,m    1 1,..   «hv    i..   II„-    Inlh.h.ll,     ,,i     (,ill.-|,i,.    „,iii  •. 

"'"'     """     •'l'l''»l-     '-     I-    :i       I \::,s     ,.1     l„is,.i     I..,.,. .Ml,.,,,     ^....1     llul „     |,...j,.,ln,n 

I"'"   'li''   ■riii.liw   I.,   thr   Ill    ,,i   III,.   >,ilt;iiiii 

Tu     l|,r     .-list     ,.1     t|„.     I, ,11     „!,,„:;     „|„...     ,!,,,„      tllr     «...lt,,„; ,.     „l       ,      Ul.l,-     .»;,.!, |, 

htr.lil,,-.    a.n.v.    tl,..    >  all.v     i,,«„r,l    „  l,a-     k    ..,II,.|    1 1,..    >„li:,,ia     K.i.t     |m.,i„,.v,    »l„r,. 

*-""""    'li"»-    ""    i«    liilKhl.     t. n    ii,,itliH.-i    ,11, , I    ,,ni~    I. mum!    til.,   .n.l   i.l    i|,.     lull    |,i-r 

•Mil, II,  ll„.  t.,«i,,|,,,,  ,,|  r.ilK  ;,N,|  tU.|,  ,.„i,.,.  i|„.  VI  ,,„„.  —  ,.,„  ni  Itiuiv  i„  l.,t  :  n,r, 
iinm  „  I, til,.  .„„i|,  ,,|  ,.„.,  ,„,,,  ,|„.  ,„.^,  I,,,  11,.,  |,|||,„|.,  ,,,,„  „„.,,^.  ,,„,,  ^_  .„,,,„,,  ,„ 
''"■    ''    '"'     ■""'    "^ '"    »"!'    -I"''!!    I'll-   -Ih, »,,,;;   ,„.•   .Ai..|,,K    t,„    .,l„,,,i    J.ln    v.,,,|,        II,, 

'»rrl,     It,.,    out,  1,,|„    ,,|,     ,.,,,1,    H,|-    „l     tliH    ,«ll..y    „.„■     I,,»      I, ,11     „|     i;,„v     l„„,t..    ,,-,.-     „l,„>.. 

''"■   "'"-^•■^      I'M'     r I,-    l,„,    l„,.„    |„„„,|    ,1,,.,,.        -n,,.   ,,,„„, n     ,.,,,1,    ,,,    ,|„.    s„||.,„;,    ,.,,., 

1-   v;i.-..,,.i,„„-    „„x.mI    Hilh    .-..iirx.   ual.lpn,    „r   aimrtlioMt..   and    a    httl..    hi,,-, ,i    r.M-k.    so 

dial    It    L.loim.   to   il„.   Kc.-uatiii    ,,|    llMi..niaii        11,,.   ii.,Ml,Hai.|    -lop,.   ,,|    ,  |„.   |,,1|     »l,i,  I, 

iil>rcM'iils   th.'   foi>»    wall   ot    tl I1-.   Is    Mot    lai    troii,     1"^ 

Ti.   tlir    .a.st   ,,|    III,.   .Sultana    the   l.aMc    ...1^,.  ,,1    th..  .ruptiv..    l».|i.K    soutlwast.    is   not 

a   (oiiip.iMi.,i    \.s    or...    an. I  .lUisists   ot    m.Mliuni    to   r<iars..-nriiin..<l    iiorit..    nitli    traiiit..   or 

i;n.iss  to  til..  .s,,iit|,,  a  I. an, I  ot  -«aiiiip  iisualk  s..,,„ral  int;  ilo.  ih,,  i,„k-  .iiul  ii,  I.  t-  1 
111(1    I  liiiliiiy  th.'  cintait   altoKcth.T. 


The  Chicago  Mine 

^    '"""■   * "-K    mil,. I    111,.   Cliuauo.    ,,r     rii.v.is,  ,„     I,,.-/.    ,n    lol    .1     ,,,„      \-    ,,,     | ^ 

ti.Hi.slnp.  i..  th,.  ii.'xt  point  Hh.T..  or.,  has  1,....,,  toun.l  It  is  r.  ach...!  I,v  th..  r.ia.l  tr,,iii 
Worthnmton  i,i..|i|.,,ii..,l  h..f,,i-,.  ami  »a-  lormorlv  ,  ,.iiii,.,  i,.,|  n,ili  il„.  r-.il».,v  at  -.h.it 
loiiit  l,y  a  1  iirioiis  oii.rli.ad  traiii»av  uilh  only  oi„.  lail.  Inuu  u  h„  I,  loi,  k,.t,  u.-i.. 
siisp,.iol(.(l   anil   ilra»ii    h\    li,.r-i.s 

■J'hi.  MUM..  Is  on  an  ofls,.t  at  a  ijistaii..-  ol  al.oiit  a  iiuait.r  ,.|  a  i„i|..  troii,  tlio  l.a-n 
.•.!«.■.  I.aiir.ntian  app.ann^  httn...!,,  wliil.^  th..  .,r..  is  ,.n<I..M.<l  in  a  v.r.v  mix...!  K....watin 
Ol  Hiironian  r.«k  .onsistmn  of  i;r..,.i.stoii...  nr....|,  sihist.  porpli.vrit,.  aii,|  aiiorthosit.. 
'111.,  nurkinns  inclinl..  a  small  opi'ii  pit  an.l  a  shall  r.ai  liiti.^  a  il.pth  ol  |i,ii  L.t.  and 
th,.  pocki'ts  of  or.,  do  not  h....|ii  to  ha\..  Ii....n  lai!;..,  tlioirji  soiii..  tlioii-aiids  ot  to-is 
v,..r..  roasti.d  an.l  Miu.lti.d  to  matt.,  at  th..  nun...  th..  prinliKts  o.mc  t.-anun..,!  t  . 
\\  orthinL,ti>ii    and    shipped   anav 

Th,.   hoii,s,.s   ,.„iin...t..d   with    th..   iiiiii..  ar..    pla,  ,,1   soi,„.   .h-ian...   t,,   tli..    iioi  1 1,   ol    il... 

'haft   hous,.  and   sni..|t..r,   n.-ar  th,.  I.asi,.  ,.,|y,.  „!    ,| riiptn...   win,  h    ,onsis,..  ,,,    ,.„ar,.. 

t.ray  norite. 

Acid  Edge  in  Trill  and  Fairbank 

Th,.  acid  ,.,!({..  of  th..  iii,k..|-h..aniiK  ..riiptiv..  k  h..st  stii.li,,!  lorin  .,  si,, ,  ,.,.,oii  ot 
small  \»k,'S  whirh  follow  its  rnarKin  and  Kiv.-  (rood  s..rtioiis  ,,f  its  ..ontait  with  th..  <on- 
ylomorat..  and   tuff.      Th..  ..li;..   runs   north    ami  south   arro-s    !{,,..   !ak..   „ii,l    an    ,ii,ir,m...l 

'■''^'     ''■'''    !'■  '"   '•"•   south,    th.n    tiiriis   ,.„,!    ,o   Cam,.,,,,,    |,,k       ,,,„|    ,.o„ii„„,.,    ,,„,,    ,„ 

th..    i!orthw..,st    ...irm.r    of    Fairhank     lak,.,       Kron,    CniHr ak.      .o    Miltima    mm.,    th. 

.•niptiv,.  i.s  ,ml,v  two  iiiil..s  wi.l..,   hut  at    Fairhank   h.k..  th,-  width   in.  iva-..,  to   tour   i,il..s 

N'<-ar  th..    iinnam...!   lak.-,  an.l  also   H,.ss    jak...    th..   idar.v    ris..s    :„  sl,ar[>    lulls    nearly 

:^>')  f<...t   hitih,   and   th..  s,.,l,„„.ntary    ro,  ks  s,...m   to   hav..   \.,-,; i,  h   ,  rush..,|   ai„|    laull...! 

(roliahly    l„.<.aus..   ,,1    th,.   i,arrown..s.  ,,|    tin-   ..nd   ol    tl,..    I,  ism.      '''I,,.   |,„.„|   ,  on.d.,i,,,.|  .it.. 

.s   promin.'nt    with    v,.ry   lar.^..   craiiit.     1 1,|,.rs     .,nd   .oars,.    „li,t„   ,|i,art,,it...    ,h,rk ^-la^ 

rh.'rty  ro.-k.  and  hard..n..,l  tuff  ,„,ur  s,,m,.„  |,at  mi\.4d  mth  f.lsiti,  l,M,kiii.r  ro,  ks  ~TI„. 
a.Kl  ...l.,,.  ,ts..|t  ,o„Mst.  ot  fli,..,;iaim..l  .lark  Lrr....nisl,.  -,),, ,,„.,..  i„at..riarwhi,  h  is  far 
irn.-i:    ■  ■.-.■^f^r.t-.f.f:    -,,i,,t.-..i     niaini,-.     ii,,!     t.-aiiy     ,.,,n-|.,ts    inallilv    ol     111  l..ropi..'il,.il  it.. 

Th.^   north    slior...s    of    Fairhank    lak,.    ar..   forti„.,l    of   tl„.    sam,.    .lark    .n,...|i    s/hitos.. 

1'''^'^-    ■'     ''"■    •""'    '-l'--     "I'll"    l.'ith.v    tl,    til,,,.    ,,,,     dark     r,..!dis|i    -v,„,,i,.    |,„,ki,„, 

lo.ks   f,,|!ow..d   l,v   -ray   m,rit,.   s,„itl,   ,,t   th,.   lak..   to   1 1,..   (1,,,-,..;,,   mm,. 


Jt 
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No.  5 


All.   ,       I i.ii,;;     1|„ 
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.:;■";;"' ':; ''"'  'V':,"^"""- ■ --iv -  ^.v ,:  ; 
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I'  .in    th«   ore    il.  |ii.Mt    tlni..    is    ii    Im;;,.   i|iiartz    mmti    riitiiiiiii:    I>nralli'l    to   tin-    sdiistw 

-tructiirc.     'I'liU   Ims   1 n   hiiikmI  to  s.iiiic)  .'Xt.iit    t.i  pniM,!,.   ih..  Kilii  i.ms   liiiinn  of   ..in- 

virtcrs  at  tli.'  \i.t.inii  srinltcr. 

Tlio  liiiMi  (■'!;;.•  turns  nortlu'iist  fur  a  niili>  liovnnd  tlii«  op.'iiini;,  lliuiiyli  tfii>  tioim 
iiiirv  IS  iiiiistly  iiiil.li'ii  under  nwanips.  an. I  tli.n  southi'Hst  to  Vi.t.,ri»  iiiino  on  lot  S 
'"    ''"     '^    ""     "I    M.nison,   iiiii.li   III.-   111,,. I    imp. >it  lilt   iniiK'   in    tin-  w.^^tmi   p«rt    of   the 
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^  uthcrn  nickel  ranKo.  At  Victoria  mine  a  loim  offset  starts  to  the  south  and  wuthw.Mt 
including  the  Worthington  mine,  and  another  shorter  one  towarii  the  southeast  to  th.' 
\  irinilioii  mine;  hut  hoth  iii.'  niori'  or  le-s  di^.n  ntiniKuis.  n.in.nnnn  iiinl  wi.l.nitm  ..r 
ci'^appparins;  for  a  time  altocether,  so  th.it  they  are  hard  to  follow.  Tl„.  hasi,-  ...lue 
ot  th..  eniptiv..  turns  i;.,ith.'a-t  lor  a  mil.'  h.'yond  tin-  X'i.toria  inin...  -,,  ilmt  »,.  ,„„v 
consider  this  ore  body  as  lyinj;  at  the  end  of  a  funnel  which  opens  mio  the  narrow- 
offsets  juKt   mentioned.      Ore  deposits  or  t;ossan  .ir.-  tonml   lor   halt   a   mil.-   iiorthu.-st  ..f 

the   mine    and   "'.so    for   moijic    f!i-,ta!!.'-:-   t.",   fhr-    •..;.rt!-.^---t      .,1.;!  .    ...    : '..      ...  .-v'     ;*        i 

coarse  gray  norite  stretches  lor  a  mile  or  two.  ^-.(•veral  of  th<!  minor  ore  hodies  hav.. 
been  opened  up  hy  the  Mond  Company  hy  small  sliaft.s  or  test  pits,  hut  the  main  work 
has  be»n  done  at   Victoria  mine  itself.  wh.Te  the  funnel   narrows  t.i   its  outlet. 
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nl  '  I''  II'  \nt..na  iiiiin-  !■>  ijUit.-  ilitf.r.iit  tiimi  that  wliuh  lia~  l.f  i;  f.-fi'rn-il  tn  at 
Siiltana  iiiini  .  -in..'  th.>  i  i  i  in  a|iait  li.  m  tin-  maiii  \«A\  ..I  mnii.-  al  i  li.'  I.ii;iiiiiiii4 
111    ..    iiaiiiiw    .ilK.t,    -II   that     n.illi.i     «all    ol    tli..   (,r..   Ii.,.|i.-    i-    .,t    iii,nti.        In    niik.l    or.. 

i',.|iii-ll-    111     lliU    kllnl    ill.'    ill|i    a|.]il..ai  111  -    tin-    \.-|ti,al,    ulii].-    in     tl Hut    kllnl     It     In  iv 

'.!■   !">-'  Ill    Ii--,   tl I.'   i.-tin^  .in   t  h.-   Anhiaii   a-   a   l.ii.t    Hail    -11111   Klindini;    ii|>Har.l--   in! 

.11    an    all^!.■  lit    ali.illt     !''    int.i   lln-    -ualnp,    ..1    an    -111111.  lal    laki-    ii-i-,|   -1-   a    «it.-i    -ii|i|ilv 
ami    th.     ui.-an     up. .11    tl.i--ii    n  pr.-.  iit-    ,,i,      l,.,.|i...    aiiaiiL;.-.!     111    tin-    inai-t;iii.-il    wiiy,     a- 
rniitra-t.'il   with    till-    main    im-   ilipii-if-    at    tin-    iiiiin-.    hIhiIi    ar>-   nlfsct    ili-pi>..its. 

rill-     11   in.      ha-    a!li-i.lx     1  ilin  1 -l|.-.  I     a     l.il.-.-      'nlmint     .,1    .,1.        ami     1       l.ir     !|..iii     l.iini; 
worki'il  iiiit. 
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The   Uorthintcton  Offset 
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^<l|oiiiiii^    r.'iix..    ::i  MSu.-i.  k.'.    i|uarl    It,-.   ;^r  iiii.-t ,  ,i  ...   ,.t,        'I  I,,     r,.,Mi.'    Ii.i~   tl.     .h.nait.: 

i.-'h     -iM.iMii:;    Hitli    l.l.-l.-.    1,1    ,,!,■,    aii.i    a    -li,a'     li.<-     > -iink    .  ji     :\     -m.il]    .Lpcr^it       I 

,  h.l    ,>!,' 

Tli,-    W  ■rtliiimt,.       mil,-    lia^    in,t    I j,    »,,iK,,|    l.,,    .   ..r    ,-i^;lit    >,    ii-      ami    tli,-   ^,i,l,„; 

h:il    r,  l:it  |.ili-lu|i-    :i|,       i,,t    ».ll    i|l,-iil;n ,  ,| .    I, in    u    miliI!    iiri,..iilil    ,1     l,;-t\     ric.llt.-    Mil, I    I.,,;,- 
-irniiar    t,iili.,v,.   :,i    ' '{,<■    MiTiIhimi    nmr,'    in,-    i,,iiimI   ,,ii    tl,-   ,|iiin|p,     i-    u.il    a-    a,  i  in,, lit,- 

I  III,    lli-nt.-    Il,a-M-^    al,-   -,,lii,-tl -    -putt,-, I     iMth    ,,r,,    a^    III    alli,---l     all     in,  k,-l    liilli,-.-  I 'i.- 

II  iiiiai-    li.iiiil    at    till-    iiiiii,.    mil  nil-    |ii-nilaii,||t.-,    ii  i,-,  ,.|  it ,-    ami    t;.-i -,|i,i  tlii ,-.    tin,,-    ri,-|, 

""iU"i'iiiii~    1,1     iM,-k.-l,     ari-i,iiiitwi-/     1,11      til,-     Iii_:l,     ,|,at,i-t.-i      .,|     tlh-    .,i.-      an, I    1 1,,     ■  

iiiir.raU  iiii-iir   «itli   |)\  rrluit  it  i-  ami   (-lialriiii>  i  it.-   at    -i-vi-ial    i,t    tin-   miuiII   pit-   aii,|    -li.itt- 
t,,   till-    iiiiitlii-a^t 

The  Vermilion  ,V\ine 

Till-  iitliiT  l.rati.-li  nf  till-  \iitiiiia  tiiiiii-  ,,tl--t  has  ii.-i  1...  ii  tiar.-il  Knt  th.  ,-\tra 
i;iiiiiiaiy  .,n-  (l,-p,,-it  at  \'.-riii  iIkui  iiiiiu-  i,ii  I, it  >-,  run  I  \'  m  ll,-iii-,.ii  t,,»ii-hip.  a  mil.- 
t,i  till-  fa-t  .  i-viil,  ii'iv  l„-l,  lit:-  t.i  til,-  iil,-k.-l  ^all^.■,  ami  -o  liiu-t  la-  (-,,ii  m-i  t.-.l  m  -,iim-  \ia\ 
HItll  tin-  I.~t  III  fll,-  ,|,-p,,-it-  'i'lll-  nun.-,  Vlitl,  tli,-  \'i,t,,ria  llilti,-.  an-  inalk.-,l  mlt  tt,-iii 
all  till-  iitli.-r~  l,.v  (  iititaiiiuii;  ni  cniiMii,-!  alili-  .pia  lit  it  i.-^  ii.,  ^lll,l  a  I  -[,.-1  r\  I  it  •  .  th, 
ar-v, mil,-  ut  platiiiiiiii,  hViiiii  a  ^liatf  i.n  t.-t-t  il,-,-p  at  \",  iinilinn  imm-  th,-  ri,  h.  t  m.-  in  tli, 
i!i--lri(t  ha-  l„-,-ri  ,-\fiait,-,|  hut  tin-  ,,l,-  hiali,  -  at,-  ,.tilv  -.mall  p.i,  k,-t-.  ami  liia\  ii-i* 
priiw  III  uri-at  \ali:,-  ni  -piti-  i>l  tln-ir  lif^h  i  miti-iit.-.  ,,1  imk,-!  ami  ,  .ipp.-i  atiil  tin-  L:,,hl 
ami  platiniuii    lli<-v    roiit.nii. 

'I'ln'  rock--  i-iiilii--iini  th,.  iiri'  at<.  x-irn-d  ami  li,,  mil  imlml,-  atiy  i>pi,  il  mnit,-, 
tliniicli  a  nr:i\-,_:r«-,-ii  ^ahhl■o  .irnir-  ami  al.-u  rm  k  -p,iti.-ii  Hith  or,-.  It  i-  pn.hahl,-  '  it 
tlh--i-    uiiij-iial    i,r<-s    ii-arh,-ii    tlinr    pr.--i-nt     po-itmii     |,|     l.ui;.-     pail     h\      a,|-H-iiii-    im-.  ,, 

lathi'i-    th.aii    hy    tli,-    ||,,«    <il    tmilti-ii    .sulplii,i.-^    aiii    r,„  k  .    hut     tin-   lii'al    -,.liit 1    ti 

I  riilili-ni    tiiu-t    la-  1,-tI    till   imiri'   i-xtcri^ni,   iiiinniL:   nji,  i  atimiv    ari-  (arriiii    uti, 

(i-itaiii    yi-m-iai    li-atiircs   nl    tin-    uiipiut.iiii    -.,  in.u    o|    tin-    iiuki-l     ra:-.;i,-    -Imulii    ' 
mitiii-il  hi-trii-,-  pa-^iii,^  1,11.    Till-  wli.il.-   ,\i(ltli  1,1   th,-  ,-rupfi\>-  i-  Imir   nulls,  ulmli    i.-  aim  it 
tlm  a\<-rauc  tnr  tin,  ^iiutlii-rii    raiii^i- :    amj   tla-i,,    i-  an   i-\ti-n-n,-   ha>-lik,-   i,-,,-   i-  n   i,l    th- 
1-1  i(i    ('due    towaril    tlic    nnrtlirast     ivith    a     '  utri-^pdiiiiiiKi     pri>;i'i  Iniii    nl     th,-    ha-n     i-ii^ - 
toftiinl  the  Mintlnvf.-t,  i-miinc  m  the  luti'^  utf-i-t   toward  Wortlniii;' -in.   tin-  on,,  appan-iit'' 
in   vonii>  way   Iminul    up   Willi   the   iitln-r.      Tin-  wliolc   rcLlioii   Miiitli    ■,!    th,-   iii.ki-l    ranL'o  i 
M.r<'atly    lirokrn    up    with    fault-    wiiiili    often    niaiiili'^t    tli,-rn  i-hi-    a-    irr,  ::ul-ir    In-lts    ot 
hrt'ccialion   Mich    a>   oni'  timls    alonsj;   the    Wnrtliiiiiztn?!    oir-.-t.   ami    tin.-   i-   im,-t    n  it  iiral-y 
•-xplailK-d  hy  .--iippo-imz  a  (.,||ap-c  oi    th.-    .Vrclu-m    l!i>.,r   h.-m-ath   tlii-    p-ut    ol    tin-   raiij:  • 
pi-ihap.-^   h..iaii-c  of  tin-  nnu-ii..l   lo.-iii  of  li'iuni    r,,(  k   n--iiiiu  on    it.  or    hciau-f  the   mjui.,- 
ol  the  niaiiiiia  «a.-   heiicath  it.   rcinovim.;  it-  -uppott       'rin-  main   fr.-Hiin,-   ri-iiliin;:  It  ,-i! 
Iliis  collapM'  alforiii'ii  irregular  (haiinol-  through    whiih  tin-   lum-t    lavi-i-  i-i    i|n.  niaji'ii  i 
l:iii  liKiiriK  niolton   ore)   wore  forc-cd.   making    hr<-i  liti-   uifli   a   icnn-iit    ol    noriti-   or   of   or, 
iiiul  startiiiu  a  (iniilation  of  heated  water  cliarced  with   iiuneral   Milutioii-  which  pern- 
trated  heyond  the  hounds  of  the  molten   roi  k   it-elf.      The   presence  of    unusual   ort*,   an  i 
1)1   su(-h    mineral-   a-  ipiartz   and  calcite   inilicate  tlie   aition   of  water    in    re-arraiii;int;    ,,■■ 
Hi  transporting  and  depoMtinn  the  ore  hotlie- 

Krean   Hill  to  Oertrude 

•■'l"''!    ill t    the    miciiile    ol    l.il    I,.    ,oii      \'    ,,1     Di-ni loHli-liip    til,-    ha-li     ,-.h^,-   ,1    lln- 

noritp  runs  nearly  due  east  tn  the  bounilary  of  the  town-hip.  .-imi  tln-n  mirthea-t  a.  r,,-- 
the  \i-rlin|ii;i,  liver  to  (ieiti-mii-  Kiom  fin-  ,_;o--aii  ii,,itln-a-i  nl  Viitoiia  llnm-  tn  Kiean 
Hill  in  the  south  half  if  lot  -".  (im  V.  a  mile  and  a  half  northeast  of  Vermilion  mine, 
there  is  little  evidence  nf  nre  fllonK  the  contact  except  some  rusty  spot^i  in  the  v;reen 
stone  to  tiie  south,  heside  grernstiine.  ureen  -,  |l|^t  and  (|uart7.it4,  are  found  ahnii  'tn' 
houndary.   the  direition   of  cleavace  heing  -"iil^   or   ■"" 


J 


3> 


Murcaii  of  .Mines 


No.  ,S 


''"'■'"      ''"'"      '-"-^'-Im,,.     .1,, ,      .,,„;,„,       ,,,11.,,,        „|,„1,      I,,  1,      „,         „..,.,,        ,,  , 

:-:::;■:::.::::::  :i;::;;:;:r::\;;:,,;:-^ ^^..'^:::'v,:;'",:,:;.^:^:,- 

'"-:^:''.-:;r;;,:;:^:;;:\,::::''-:^^ , >•■ .-'..' 

' - I     ..,.,1,;,,,,     ,-,v.,. I       „,.,,,  ,         '  ■'•'■'■""•■      '-     "■■'"■I      ""''I     '1.- 

■"•; ;'  >-  ^'.-■....-:;-:\:;;!: '::;:;:;:::;'-■: - < ^■-"•^■■- 

--'■--'■-ii:":u;:^::;;;;:;::^::\':,- 

-^-  -...■.s , t,.a,  c.„n:r ; '  ,•  i:^;:  ^;;^::::  -;:,-'  ;■"-'■-  ■■;>-■■.-..••. 

Oertrude  Mine 

r-^  • r;.  Ko:;::;"^;^;  !;:;:;::r;:.,t:::r :: ":  r:  '-'■  '-'-'- 

al^Mit   on  Uu-  l„„.   octuvo,,   lot.s  ,-)  a,,,]  .,   .„„,  ,  '"    '■'•'■'"'^  *"  '''"  '"■■""  work,,,,., 

""   >-  '-"    --l^.-l  o',.      tL  «,,'/.        ■■;-— .Tlv,   «,„.,.  a   1,   ,„   very   r,V. 

"'"'■•  ^""'  »l."  -OS,   important  ore     o  Iv         '  .,         "'"'""   "   "'"'"*    ^''---fifths   of    ■, 

•■    "■^'    -nto    ..d«,..      n.a„H     ;l         ;;:  r:;';r  -^  -^  ^''«'"  -""'--d  o„„,ayn,..t 
<'iM  !.>„..    n,h  „v    1,1..   ,l,.,f    .       ""^  ''"IK    north   of   tho   open    pit    nrar    ;,„.   oa.storn   sli^.tt 

«-  -o  ..^ .::..,:,  ■;:;. :,::::, '^'^;,r.::;%;;;i;"fT;  *""  ^''^  ''^^  '-=■ "'-  ^'- 

"  »  v..r<i<.al  depth  of  1-J„  f,,.,       jh     ,  ,     t".    1  '"'  ^«'"1  ore  w,th  L"   fo.t   of  n,i..od  ore 

'"-;■'  ''> " I  -on.: :,':::,:;'::  :'\:::;r'  .•on.u„.ati„„ .,  „„.  .h...  ,„  ,„.„  ,n.. 

f  ho    rix  ks    t(i   f  Ij,.   M,i'i  }|      f    jl 
S'-.'t.MoM...    oft,.,,    I,r..,  Ha, ,.,:"»•    .'l',,."'',',?"/?,'   '"''''"'■';'    ''"^  "''■"'"    "^"■'*'^    >»'.rni„y    i„t, 
'■■"■1""^    l..ni    t.-,k..„    pla....   ,1,,,,,.       Th"..   nH.'k     ""',;""  ,'""'''^-    '''^   ^f   -"'■■    < m.^hi,.;:    an-l 
nor.to  dotted   «ith   oro.  trr,...„s,ono    „„.'  '  '"'    """■   ""■  "'"■"    I'"    ""l"" ' 

Pn'.af,lv    an    al„.,.ati„„    pnM    ,       :  f  1  ", !"    '^T^^^'"''^-    -"'    —  of  -.nolite, 

'''*"^^'■"''^"'-^  ^ V  ,.o,„:d,.,.ai,i„  ,.ha!;.,:pv  ;„  :,: ';:;;i:"" ", ^'"'^  i-.i,„,„.^  ,„„ 

ocras.onallv    i„    ,«,,,h..d,al    t,,,-,,,.         \    |„,1  ,  -'■in- „,»-    .,1-,,     ,„,,.,., 

■"•'";■  :■■ ' '  ■ <■ -■.■»;...;:  :.:;,"::;';;::::„.;;,;" • ■'■-"  -' 
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-'■"""■■■  ^"""  'lliv  liilt.r  n  .1,  n„  r..;i-,.,  ,,1  ^uiMMirit  ,.,ui  liv»  ,11  ■!>  uimjI  iI„.  |.i  . 
I.,rtiM.i>  ,.!,■  ■•.■v,i„,m1.  .,,,.1  .  ,.  ro.kv  may  l„.  ,1,.m  nl...,|  „.  nr.uiitai.l  «,irw^  ».th  inai,> 
lar^jf  aii.l  small   id.  Iiimc.i.-,  ,,|    rhv   van.,u,  nu-.^n^tou,-..     Tlir  hium^.  ,.s  ,.M,i,-iitK    th,.  lat- 1 

K.ck    ol     till'     tUll. 

.lust    rast   ol    tl„.  hm-  l»t«..,.i,    Ints  -  ami  ;)   ll, 1^..  „l    .1„.    hnr.t..  tuI■|l^  i.„rtli   atM 

lU.ii  .Miiv,..s  ..a^t  and  Miutli.'ast  tuuani  a  ^mall  iakr  at  tl„.  Hrst  md  ol  tlu^  rri.it;ht..ii 
ur.  b.Hlv.  Whon.  the  iiurth«ard  Lcml  tak,-,  plare  th.i,.  ,,  a  Miiall  olFsot  to  the  south, 
on   whiih  h(.i,i<.   or.-   has    hwu   disiloscd    hj    -tripiuii-.   I,ut    alorm   th..    h.nd   t„   ih.'   iiori., 

little  gu.vsan  and  no  ore  has  heen  seen.     Thv  nnk  pinj-'ti,.-  thwaids   lie.e   ,s  maiiiu 

the  hne-Krained  phase  ol    norito,  often    referred   to  a>      older    rioMt,-.'    ami    mvenstom 
pi..liahl\    r.  Miltui'^  li.mi    its  r(-arr:;iiy.  imiit ,   Km    ih.  r,-  1-    il-.     .1.1:  ■  -i:,  u  ,    .,,,.!   pi. .I,.,:.  , 
1.   .  r\-i  ilii/i'd  aik.s,.       .\i  ,„,,.   point    m   I. it    '.'  ,.   \.iii   ..|    1  ,■-:  v    -piaLz  li:.s  1,  ,  n    pi,,.p,,..,| 
i.\    -Mr.    MeVittie,  «ho  hnds   the  ore  to  contain    .*!  ."itl   m   gold   P'-r   ton. 


The  CreiKhtun  Mine 

The   most   important   niekel   mine   in    the   di-tnet.    and    one    mav   safely   .sav   also    m 
•he   world,    IS    the   Creighton;    and    it    will    l,e    desiraM..    to    ,  onsnier   in    soni,.   detail   tL 
.haraeter  of  the  ore   liody   and   it^   relationship   to  the  .nrl.i.in-   ph  k.s,      l.-rom   the   map 
n    uill   l,e  ^een   that    the  ( 'r.-ifrlton   mine    is    m.t    m    Cremhton    t,mnsl„p,    hut    near    th.. 
nuddle  ol   h.t   111,  eon.    1   of   .Snider,    though    the    rid-,,  ol    u„-san-,„vered   norite   just    t., 
the  north  of  the  mine  runs  soiithwi'stward   into  l,,t    I    ot  (  r.it:ht,,n       -rii,-  position  of  ch.- 
MI...   with    relerenee   to  the   margin   ol    th..   ..niptiv..    is   ot    partimlar   int.T.vst     sin,.,    ii 
IMchaMy   a,,eount.s   lor    the   unusi.al    size    of   the  ore   h,My.      The    pn^eiit    ^r.-at    open    pit 
i-   ..1    til.     -Hith.nst,,,!    ((.rn..r   ol    th..    lar-...l    .ind    .|,...p,.s.    l.ax    „|    .  |„.    „.  iit,.    al.m  .    tl„ 
MHithern   raiiKe,   and  the  width  of  th..  ..fiptiv..   is   h.-re  at    its  m..at..st.    11    ,„,],,,,      n,,-.. 
.n-o   w..   have   th.-  greatest    width   of    th..    whole    hasin.    a.s   ni..asured   from    Creighton   tn 
ll...   I...va,k   mm,..     This   hay   of  th..  norite   lias   h..t»een   the  two   ^r-'at  southern  offsets 
.•    \ietoria  mine  and  Copper  Clilf.   hut   n..arer   to  the  larger   ..ne   at   Copper  Cliff.      W. 
I.  ay    supp.xse    that    the    ^reate.st    am.mnt    of    the    iluid    ore    •■ucumulated    beneath    the 
Lr..at..st  thiekness  of  overlying  magma  and   was  ,  aught    in  th.-  ...xtr..me  ,.„d  of  the  hav 
Hii.h  had  no  funn..|-.haped  outh.t   along  a  plane  .,f  taulting  to  all.,w  th,.  ..r..  to  es.ap.. 
^iihI   push    up  as   s..parate  ore   hodl..s   along  an  olfs..t.    ;i.s   we   find    in    the  tuo  .  ases   inen- 
'ion..d.       (ho   theory   given   here   is  praetieally   th..   view  adopt..d    v.ar.s   ago    l,v   som,.  .,: 
the   hest   prospeetors   of   the   r.^gion,   though   th..y   ,..,ntent..d   th..mselv.<s    with    the   ohse  ■- 
M.tion   that   one  is   most   lik..|y   to  hnd    a   gocjd    U.dy   wli>.r,.   th,.    ■dionte"    mak,.s    ih.... 
I  ny-like  i)rojectioiis. 

Th..   norito  to  the  n,,rth  of  the  min..   is  of  the   usual   kind,    eoarhe,   dark  gray    an.l 
...ntauung  hielis  ot  ,,uartz  and   Hakes   „f  hn.t.t.. ;   l.ut   in  many  places  .t  is  more  or   l..ss 

Mixed  with  strips  of  gr,.enstone  s,iu.*z,.,i   into  s.hist,   or  ma.sse,    of   what   app..ars   t 

'Horn..;    ami    near   th,.   contact    granif.-.    porpliyritic    granit.>i,l    gneiss,    and    ark.we   ar  . 
.•mloM.,1   also.      Kven    hun.lreds    of   yards   to  the   n.,rth   some    pitting   of   the   surface    is 

""""■''     ''"'■   '"  ""■   "..atlerim;   .mt   ,,l    .p,,ts  ,if   o,...    an. I    tli..    ,,,.  iv.,-,.-    ,,11    tl„.   ,.,| 1 

|ho    ii'lg.'    facing    s„uth..a.st    is    rea.he.l.    where    mu.h    of    the    norite    an.l    the    inclu.h.d 

lo.  I.~  ot  oih.r  ro.Us  is  .■ov..r,.d  with  g,.ssan.  This  ,s  not.  how,.ver.  uniform,  but  runs 
111  short  bands  parallel  to  the  ...ke  of  the  hill.  on,,  ban.l  ..n.li,,.^  an.l  anoth..r  on.- 
'"Uiiiiiing  a  little  above  ,,.■  b,.|ow,  suggesting  a  corresponding  handing  of  the  bl^:.. 
"t  or,.  ,n  the  rock.     At  the   base  of  the  hill   ,s  a  narrow  strip  „f  .wanip.  ,.n,lin.r   towa.  I 

ll-  .nst    in   a   s,-.,all   lake,   and   the   large  pit    is  betH,.,Mi   th,.  two       Kvnlentlv   the  Imggv 

■.,'pr,-.snin   repr..s..nts  ore  whi.h  Iras   I „   w,...ither,.d   anil   1,111,, ♦..,!. 

The  rock  to  the  son'.heast  is  coars,.  ll,.sh-,olo.,.d  nranitoi,!  '..•■ei-.s    r.ft.-.r;  p.-.rr,!- >  it  i 
;wi>i.ining  ocas.onally  mass.vs  of  gr,.,.nstone  an,'  i-ut   by   finer' grain,.d  s'ver^iteo/  gneiss 
l.e-    r.>.ks    ,„st     iH.yon.l    th..    open    pit    an,l    th..    swampy   strip    whi.h    r.^presents    th.. 
vv.-t»ar.l   .ontmuation    .,f   tl re    ris,.    little    abovo   th..    flat,    hut   One  or    two   hundrr.l 
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jar.is   1,.,^,„„|    „„,„   .,....,,   ,.,„|   ,„^^;,.,|    lull.   m„(  t,    l.i^h.T  tim.,   tl.o  ....r.te  n.i«..   to   tlw 

rorth>u-.t       II...  lull  f,..h..„l  tl„.  MllaK..  .l,u».  , xt  r,M,r.l.nary  nuxturo  of  ro.k.    c„...-o 

lorph.ynfw  Kran.l...    «.ll   l,a,„l...l   «,„.,s,.    l,„rnl,l,.„.|..   M-l.i.st,    hornl.l,.„,J,.  purpLvrite  «,„| 

a    n,.-,hmM-Kra,n...l    Rrav    ..|„p,i....    ,1.,.    „) „    ),,.    ,,.„|t,    ,,,,;,,,    .„„„„,„„;,    ,,,r, , 

crush   con^ioni.Tat,.  „r   l,if(ii,i  r„Mtuiriiim   M.veiul    ki.i.K  „t   Louldors 


('n-i;.'l)l..M  Mill,.,  ,,p,.|i  pit.  lir^t  lr\rl,  .\iiv'ii>I,  111(1-4. 

The  Krtat  opoii  pit  ot  the  Creiglituii  miiiu  atr  .rd.s  tho  b.",t  .ippurtiinity  Icr  studv- 
iiit;  tho  intiiiiatf  rolations  of  ore  and  rock  to  hv  louiid  in  the  reKioii.  Tho  original 
pit  was  tie  feet  deep  and  almost  in  i-olid  ore,  biu  as  it  waa  enlarged  to  the  northeast, 
northwest  and  southeast  more  roek  was  encountered,  as  the  ore  hod.v  dipped  northwest 
henoath  a  mixture  of  iionte  and  ore.  To  the  southeast  is  tho  irregular  wall  of  coano 
granitoid  gneiss,  which  bends  sharply  in  a  direction  a  little  west  of  north.  During 
the  past  year  a  second  level  lias  been  opened  80  feet  below  the  first  on  the  dip  of  the 
shaft.  wbi<li  is  liO",  and  tow.-ird  the  end  ■  f  th.^  sumni..r  a  be-innins  was  made  at  opening 
up  the  wbol,.  pit  to  that   depth. 

The  open  pit  shows  three  main  types  of  rock,  the  oldest,  granitoid  gneiss,  'with 
a  very  uneven  ^urfaco  forming  a  rectangular  enclosure  for  the  ore  body,  next  in  age 
rorito  mixed  in  all  gradations  with  pyrrhotito  and  chalcopyrite,  and  finally  diaba->e 
dikes,  often  very  porphyritic,  penetrating  in  various  directions  gneiss,  ore  and  norite 
impartially.  All  of  the  rocks  mentioned  have  undergone  more  or  less  faulting  and 
crushing,  and  fragments  of  the  two  older  rocks  are  often  enclosed  in  ore  as  a  sort  of 
breccia,  lint  not  of  tho  diabase,  though  the  latter  also  has  been  fraitured  in  places 
and  faulted  in  a  small  way  producing  slickensided  surfaces.  The  dikes  have  a  fine^ 
grained  or  compact  Kelvage  against  norite  and  gneiss,  and  an  almost  glassy  selvage 
an:di:it  vr^:  .^!;^.«ii:s  f:i:it  t!io  o.'c  was  cold  wh,  r,  the  dikes  uere  formed,  and  bei  ig 
a  good  conductor  chilled  the  surface  sooner  than  tho  rocks.  The  ore  mixes  in  such 
a  way   with  the  norite  that  the   conck 
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»»ist.-(]  in  a  staff  .>f  fusion  together.  Kroni  iiorito  witli  :ii.~v.Miiinatiii  ^p.cU  of  or.' 
fll  traiiMtioiis  ar«  met  to  ore  coiitaininK  tiny  scattorod  (rjvtals  ot  fi'lil^par,  or  less 
otten  tLe  dark  niineraU,  anil  thin  sfttions  prove  that  tho  roiklormiiiK  mineral  aro 
exceodingly  fresh,  even  tho  h\persthtne.  which  readily  suffers  (hange  and  is  eoinplotely 
altered  to  secondary  hornhlendo  in  the  norite  north  of  the  mine.  The  mixture  cann)t 
then  he  tlio  rwult  of  rephicenient  of  roik  ininerals  liy  ore  through  the  netion  of  water. 
On  the  other  hand  the  ore  is  never  intuiMtely  mixed  with  tlie  granitoid  gneiss, 
though  it  may  J)enctrate  it  a  little  way  as  irregular  seams,  nor  is  it  found  in  the 
diahaso  dikes,  exeept  as  thin  Hlms  l.etwe.'n  ^lirkensided  surfaces.  That  the  ore  w«« 
there  in  the  heginning.  arriving  an  an  ingredient,  of  the  norite  ik  very  clear,  hut 
S'nce  then  certain  changes  have  taken  jilaeo  on  a  small  .cale  In  circulati  'g  waters. 
Tart  of  the  faulting  f.i.,i«ri   by   the  older   ro<  ks   may   he   later   in   date  than   the  co<jling 
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and  consolidation  of  the  ore,  the  latter,  as  the  softer  material,  adjusting  itself  be- 
tween the  blocks.  Thie  may  account  for  the  curious  "hotoe"  of  granitoid  gnei.ss  at 
the  northeast  side  of  the  pit,  which  seema  to  have  slipped  down  into  tlie  ore,  thougn 
it  might  be  equally  well  explained  as  slipping  down  into  the  pasty  mixture  of  half 
cooled  norite  and  ore  before  the  final  consolidation. 

From  the  faulting  and  irregularity  of  the  contact  of  the  ore  with  the  granitoid 
gneiss,  it  is  rather  hard  to  determine  tho  original  di  of  the  Archean  surface  ov  or  which 
the  nickel-bparing  nnrit^  spreaH,  but  drill  hole.s  to  the  nnrth^npf  s--*  •sf^^':  iV.,-..  ji.  .t 
the  floor  dips  in  the  main  about  40°  to  the  northwest.  How  far  the  great  sheet  of  oro 
extends  beneath  the  norite  in  that  direction  in  unknown,  though  tho  results  of  drilliii-r 
prove  the  existence  of   millions   of  tons.      Up   to  tho  present  tho  mine   haa   produced 


M> 


lUirenti  of  Mines 


No.  5 


; "    '"'"    '■'    '"""■"    '""■    ■•'    ■■"■     ""I    '■■'     —    ' 'li-    ..,    ,l„.    p.-,     u.,,     ,n..r.«,.| 

' '"" '''"    "    '■  'l''"!^    •■'"    "I    'l„.   »,„l,r-   ^,,,„    ,„,„.^       A,  tl ,..  ..w.,a-...    -, 

'"■'    "■"'     "'    ""'^'■'    "'"'    -   '       ■■■l'l"i      <Ih    m..,.    .;,l,.,.   ,„    ,|„.    „,,i,..   ,s   ..pi.an.nt. 

North  Star   Mine 

■""■    '""""l">     !...>>,, „    ,)„.    „,„,t,      ,„.|    il„.    A,,|,...„    ,„„-    to,    l,al.    a    ,„,l,     a    l.tt',. 

>u.st    „,    nnrti,    ,,,.„,    .1,..    (,,.,^1 „.„„,    ,!„„    ,„,„.    ,„„,|,    a,„l    nnallv    ,„„,l,u..st    ,„ 

""     ^■"■'''   ■^'■■"    """•■   '"   I"'    "     ""■      "I   "'    >iH'lw    '..»..^lnp       M,„l,    „1   tl M.ntrv    „ 

' ""'   ""^""1"    ^""'    ""•   ■■■' •"""1^    l'»    ■"".,.,, ,„k    ,,-,.    l,„t    l,ttl,.    al,ov..tl.,. 

^'■'"■'■"'    '•■^"'        ""■    ""'>    "•    ""■   •—    I    'I,.-,    „;     ,|„.    „.,nt,.    ,.    ,„M„„„nlv    ma,.. 

.,a>i,t..  ,„    .v,.„,.,v    ,1,-1,    ,,.,1   ,„   .,,,    ,„   ,„|„,     ,„„|   ,,,„.„   |„„,,,|,„„„.   ,.,„i  j,„..,,.;,j,,.    ,,„. 

";"'"","'    ^"■•"-' '"    "I-"       <-"i|':nMt,v,.K    l,„|..    ^„..a„    ,,    .,.,„    „^    u,o   non... 

"•^'■'  ,""'"-''    """■    "•■•I'..n,l^     ,.-M     l,I„M„..         NV,„.    ,1,.    N,„,|,    S,a,     „„„..    tl,.-,. 

:,'""■'■  """•'■   "'   ""■   ^"■•"^' ■    "'"'    '--'I     in,l,:,l„,.   a    ,11   :„,.a    „t    „|,|,.,-    umiu' 

I   k>.    that    I, ,11, 1, 1    II, a,     (i,.,li-i,,|,.    a, I, I    (   ,  ,.,t;|i,  ,,ii , 


N..i!h  -^tar,  ,,p,..|  pit. 


Tho  1,11110   lia~   liitlifitd    li..,.M   iv,irkt.(I 


a.^  a    ii.innw    Dpcn    p,t.   ijiit    in   the  summer   cf 


1904  a  shaft  was  sunk  to  a  dopth  of  170  f....t.  and  lowor  lev-Is  are  heing  opened  Tho 
lip  nt  the  ore  body  as  seen  in  fl,(.  iip.ii  pi;  a:i,l  Oiaft  is  unu-uallv  high  7-°  or  «•"- 
toward  the  northwest,  and  tl„.  f,„.t  „all  k  .loan  ,,„  ,„„]  sliekensided.  probably  a' fau't 
plane,  ('apt.  Corliss  reports  that  on  the  lian^inR  wall  the  ore  fades  out  irregularlv 
into  tho  norito   until    finally   there   is  only  norite   tlook,.!   with   ore.     Some  curious  well 
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icpiiihIkI  iMiiildiTs.  ^^^  ttrll  a«  aii^jiiliir  hid.  k-  ul  ^i.iiji'.-  ami  ni  iiMi^tnij.-,  an-  imi  li.-nj  m 
llif  nil.  und  II  lilllr  i|iialtz  .mi  iir-  a-  -iiuill  -..in,'  m  th.-  .n.  mai  I  lie  Unit  wull.  At 
irii-  |iiiiiit    a  tini-f  I.I    niariiir   i  ini-   iliai;i'iiall>    aii..--    I  In-  iirf. 

The  uttitiiili-  ol  till-  Ai.lnaji  -iiri.i.i  vvl,i-.  111...111  .  I  i.l  i.\  laiilniit;  is  mil  tn  idciit 
lit  till'  Niirtli  >tar  iiuiir.  ami  111  ilii>  i.-|.i.,  r  |.i.-.ii  -  ,1.1  ixtn,!..-  ixaiiiiili'  iil  wli.it 
lias   .ill"ail,\     1.1.',,    liiiliil    at    til.     (.illiii.l       .mil    (i.i-lili.ii    inlii.-,    uli.i.      laillHii;^,    ...l^liliiii 

..ml  ^lukrii^iiliii^  ,<i>'  iiiaik.il   ii'atuii-        lli 11..1.1    1  In-    .Ninth  .■'tai  .    whfii  Iri'f  Ini.'i 

iixk    iiiuttfi.     1-,    iiiliii     than    till     a>ii.i^.'    .1,     uii     ^..iithiin     |     iaii«f.    mi    that    tlii' 

t'.f'at  (  li'inhtc.ii  riiim  vtiili  ii-  uiiii-iial.>  1  >.  1.  i.i.  1  iian....]  ...  1  a-i  .iml  »i-  t  li\  .-.iiiail.  1 
.|i|i.,sii .,  till'  .\iirih  .'*li.i  aiiil  (iiiiiiiili  li.iviit  ..ir  ..I  ,1  .mill  II  .  1  ...I  ,  1  h.  -in. ill.  1 
.lr|i.i.Mt-  ii.ru|i>iii^  iiiilv  .x|i;;lii  .In  I. a>  ill. Ill  -  .,1  tli.'  II. .11..  ill;;.,  wliilf  t  lif  grfal  orr 
li...|\     \\a>    ai  I  iunlllat.-.|    at    a    i|..|i   .|i-|ii  .  ,-i.,ii    ,,.     m       l.......      nil..    I  h.       vl.h.aii    -nl.^t  rut  iliii 

Krom  the  North  Star  the  hue  nl  rnnta.t  ..1   thr  in.iiti'  i  i.iitiiimv,  lor  u  iiulu  north- 

ia-tv\anJ-    uiiii    thru    hrml^   iniu.-    ti.    i  li.'    ,-.i-i  .    n.ii    i i.     .|.|,.,-ii-    ,,|    iiii|iiii  t.im  .■  i.ii  iir 

i.lilil    till'    Tiiiii    ()  .Nhaiitii     1-    r.  a.  Ill  i|    ai     ili.     i,..i    i.„ i  i ,     |..i      .,    ..,]..     Ill     ,i 

MUlirl-    turtll>hlli. 

Tho  liuritf  edge  to  thf  nurtli.-a>t  I..II.HI-,  1  !.,-,■  almii;  ih.>  lailuaj  liaiU,  ami  k  ,ii 
(he  Usual  kiud,  though  MUiicHhat  .-.h.-.m-il  ..ml  -.lu-t..-,.  m  |ilai.>.  I'Im  .lit  li.r  ru>' v 
>pot*  tlifle  1.-,  Iiitli'  cvul."  If  1.1  ..1.-.  III.  ...iiiiin  111  till,  .hr.Mi  1,111  l...  .muv,  niuiu 
hilly  than  near  the  North  .Star,  tin-  niaini.ml  1:1.  1--  u-iii^  laih.-i  .-liaijiU  in  mair, 
pluct'.s   Irom  thf  llat   iduntry   o.rii|ii(il   li\    tlir    m.ii.i' 


■  Xtid   fiilKc  i.T  Crei^hton 

111.-  ami  i-ilgi-  III  till-  nil  k.-l-licariiin  .-iii|iin.-  t..  th.-  m.ithu.-  1  ..1  th,  iiiini.'s  jii-t 
uc--i-nhed  la  ht».t  reai-hi-d  h_v  Vt-riiiilion  in  11  ami  a  1  liaiii  ol  -mall  lak.--  im  lulling  lakj 
Kiiiiiia.  .Mi.oii-  l.ik.-  and  Wliil.-Hat.-r  lak.  .  with  l.iv>  11. -.-k  whirli  ...iim-.i-  th.iii  I'h.. 
I  am..-  11, lite  1-  M  Idoiii  im.i.-  tli.in  ,1  i|iiait.-r  ol  a  mil.  irinii  tin-  .-ontait  .in.l  ,  arh  i.l  th.- 
iakf.-,   Ill-,   iipuii   the   conta.t.    i^um^;  i.ii(ii.rtiuiit  11--    |.»  .il.-i-i  m-    it. 

rill-  mil.'  and  vanu.-l.v  l.oiiml.-il  ii;iii;li.;i!i-i  at,-  -..iitli  1,1  (i.,i.|,>ii  lak.  Ii.i-  ali.-a.ly 
l-i-t-n  reft-rri-d  to  a.-,  running  .south  Ir.im  that  lak.-  and  th.-n  tiirnnin  n..iili.-a-t  towurj 
the  mouth  of  Levy  crt-ek.  niui-li  ..t  th.-  i.^n.n  t.n\ard  \i-riiiili.,]i  m.i  L.-m-  nu.-i  J 
»ith   dritt    or    musktgs   .so    that    oiit.-r.i|is    nI    th.-    a.liial    loiita.t    ar.-    iiili,  i|ui-iit .  T'lj 

umglomoralc   on   hilLs   wiwt    ot    th.-  driit-i  .n.-i.-d    slmn-  ,,1    th,-    ri\.-i    1-   -(lii-ti>-,-    with    11 
strike  of  -t-j"  and   a  dip  of  i-tosity  ol    ■',i\'-   to   th.-  smith. -a-t  ;    hut    th.-  sink.-   and  di'J 

1.1    tin-  M-dlliieiitation   is  proha    ,,    cntin-ly    dilf.-n-iit ,    lik.-   that   oh-.-rvo.l   south    of  Gordiin 
lake. 

On  hoth  shore.s  of  V.-rniilmn  in.-r  n.-ar  tho  ni. ,11th  .,1  l..-iy  i  r.-.-k  th<-re  is  a  soiu"- 
what  narrow  hank  ol  clay  nsin..^  ah.nit  1. 11  li-i-t.  t.,ll,.H..|  inlainl  hy  -waiiipy  land;  and 
thi'  (-oiitact  of  tin-  ai-id  i-iim-  with  1  h.-  .  onglom.'rat.-  is  lir-t  s.-.-n  a  i|uart.  r  ot  a  inil> 
•■outh  of  Li'vy  irci-k.  anil  al.out  an  .ighth  ol  a  mil.-  inland  toward  th.-  w.»,t.  A  mi.o 
inland  the  edge-  i.s  schistos.-.  hawim  a  -trik.-  i,t  7ii-^,  and  th.-  s.  hist,,-.-  ,  ,in;ilomLTa'-j 
has  the  same  width  with   11  .lip  ,.l   -'.n^   t,,  tin-  soutlna-t. 

The  tharacteristii-  tufls  an-  11, ,t  toiiml  fi.r  nmi.-  than  a  mil.-  to  th.-  ii.irthw.--t  at 
some  distance  inland  from  th.-  riv.-i.  wli.r.-  a  step  hill  of  slaty  tuff  risi-s  from  dritt 
and  swampy  ground.  Tin-  tuff  at  thi.s  |ii,iiit  i-onlaiiis  numerous  small  p.-hhli-s  of  water- 
w.  rn        -.(tpiials.   and  the   ileinagc  ^lrlk.■s   (ill''    ami    dips    J.',-'    to    the   s„uth.-ast. 

On  the  eiii,t  side  of  the  Vermilion  the  rock  cropping  out  ju-t  to  the  south  of  I,e\v 
creek  i-  schist  cor,-  !  inerate.  ami  thi,-  .-xtends  southeast  for  a  iiuart.r  ol  a  mile  wlii-re 
at  a  smail  lake  s.chi>iose  rock  without  pelibles  tonus  th.-  acid  edn"-.  M  the  rapid  ii.>* 
tar  ahove  the  mouth  of  I.evy  (ii-ck  tin-  rocks  i-xpos.-il  ar.-  hai  ili-ii'-l  tuff  with  a  dik' 
o'  fine-grain. -d  graniti-  .,r  tcjsit.-.  hut  th.-  str.-tdi  l.-twccii  tin-  ami  the  ,-.  hist  longlom- 
<  rate  is  covered. 
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,       .'•'^'    ,""'>    '■•'"""    ""■    \-"n,h..,    Mwr    a„.|    (•  ,„„„.    lak..    ,1 |m.,„....„    I„„.    ,.|,v 

"  '■'  -''\ ■  ■""'  •;''-"■ """   ''  ■'"■•'^-  ■■'   tl,. ,1,      On   Kn.ma  l„k.. 

;, ;  '■■;:  ":'"■"" '"^-^  "• '•••"■^-  '■'■•• "-i-.v  is  i,,.!.,.,,,.., «« .„ , , 

i'"K,   an. I    II,,,,    MlaM.iii-l,,,,^    I.,.,,.;:  Miriilar    I,.    t|„.-..   alira.|>    ,|,.-,  ,  il..  ,1 

_UI,,,...a,,.,    lak,.,    „|,„|,    .,    ,„,,    „,,l,.-    I„„.    a,„l    ,„    pla, ...    a    -,„l..    Ur 1,    |„.ios    „,  • 


loill„l.,rv     l..|„..,.„    ,|„.    ,M,|,ln,.    I    ,1 .|,„H.„ial^     ,.„k. 


ill,    w  I,,, I,,   ihviiniic,   ail  1 


R.i.T't  heaps.  Ci.iii^r  Cliff, 
a   l.M.nl   Inu    plain   ,„    ,  lav   ,  n   ,t,    n„r,l,..a-,    .i,|..  pr..v,.nt,    „,   .|..nian  at  n.n    uitl,  ...rtaintv 

:,;";;';  'Th  t  *,"  *'"  ;"""•■  '''"^  ""••^''  ^'""•"  -j  »•"-•  -'-j^  »••-».  fringe 

'    M.nM.i   ...tlMr   „t   til..  Iia.al  ,.„imlnn,..rate  in   a   v.Ty   schisto...    form.   „r  i„   the  d..,.n;r 

"::,:' '  r   :  '!"■  ^°'""  ■""'  ■""  ^■""'■^ "^''  "^ ""■  ■"■■•'  ^^-- -^  "-■ '-  e^e  ':^ 

■rup  n..,      I., want   .h..  west   cn.l  ,„    \V|u,..«at..r   lak..   I„„h  ^h..r..s   nse  as   steep   hills   .> 
.<  hoi.li,   ,,   ,.,  ,.    ,    .,  ,„ore.    „nUk..  tho   low   ..o.intr.v  alon«   Levy  creek,   anVh  L, 
111.,  lulls  of   tuff  to  the  north   there  is  farminR  country. 

c.,ts?h,!'n.fr"'"7''"';r'  *''V''^'  *""■""'  '•"  "■'"*  '"'^  "  '"'■"'  -^f  «->■  """*='  Porphvry 

hu  f.r  ,  n  '""'^^  '■"■  ■  :■  "'"'■■""'  '"^  *'"  "'■'•'  ^'"""^  "'  *•-  nickel  eruptive 
^ut    tor    Its   .iittinK    nuks   some   distance   north   nf   tl.«  Ka-ji   i..._^.-.-        .,  _    ^ 

a  „ik..  no..,  the  a,.,l  ed»:e,  though  the  lake  prevents  one  fn^T' folI^wTng  it  iTthn 
d.  e<.t.on  so  a,  to  ,nake  certain,  and  no  other  dike-like  projoc.tions  are  known  to  .... 
tc.iii   so  tar   fro...  tl,..  ed(;.'  as  this. 
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III.  'liiiiit  laki'  cDnnl'irni'ratt'  on  'Iji'  i^lnri'L-  iiiiil  im'iiiii-iiI.I"  nl  tlio  imilh  ••iiIk  pi 
H  lute  \  ,i'rr  Ink.'  1^  MMmll>  •-tlilhtosi',  iiml  all  t  li..  miIIit  Im.iiI.I.t..  iirnl  |M'lilili«  hi- 
unatU  llatti'iii'il,  i  iv.-nililiin;  tlio  Mii  hi|ii<  kIiji  i  ciiit'liiirnrati'  ol  ilir  II  iir  I'liiiin.  T'l" 
-Tiki'  lit  till'  ..  Iii~tii.~i'>  \Hni's  I'iniii  f.-'  nr  ■'•If  In  7'i-'  ami  III.'  lUinam'  dip''  iilmiit  l'"' 
t.  till'  vn\lttl<>ll>t  Till'  l)olllil.-rs  rIlrli»M"l  III  tin'  r.i|l;;lc>lri.'rali'  Hli-  ut  t  .iM-pli-m'i.f 
variftv,  ini  litilii '^  graiiit<',  <|iiart/ittv  u  l>rnv^ni>li  sainlv  liinkin^  intk,  ^^rrt'ii  -.<  Iiiht  an  I 
"I  tinoli'i'.  tlic  s;ialiil>'  Ix'jip^  id.'  i  ipihiikiii.t-i  i...  k  i.inl  li'iimiit;  lar;;.-  ImuiIiIits  iii>t  mil  'i 
il.t.iMiM'l  rill  iiialM\.  H  Im  li  1^  ,111111  I  nil.  -  aiiiii.-l  li'.  Iimih  piM.I.  -  Is  i:ia\  ..r  i;r. .  ii 
'.  Iiivl    tii.iiiiii;^    int..    .i    i.ii  k    likf   uiu'i-' 


W.-l    MllflLT,    ( 


.|.I..r  I  lilf 

llnll 


lii^t    ( iiiiuliMiicrutt'    to    n 


Ha>>  on  tlio  north  shore  u'vi'  all  traiiMlion-  liniii  tli.  .-.  m-.  .  .mo^..'iii<  .«.>  i..  .« 
iiiiH  li  li~,  alt.ic-il  lock  uliiih  prolialilv  ^lioiild  li..  ila»-.<l  Hilh  t  lii'  Onapiii^  tiitf,  tli.iii;;li 
c  ftcn  half  thr  niHi.iiaU  of  «hiih  it  is  cciinpoM'd  arc  ordinary  s"dimi'iit*i,  including 
prhhli's  ol  the  >ain(*  roik^  as  in  tlit;  cour.s*.  i  ontiloini-rat*',  Ahoiit  a  iiuartrr  of  a  niiof 
north  ot  tlu'  shore  a  rid^e  ol  c  liara.  teristii  tuff  .  iinipo--ed  iiiairily  of  unt'ilar  volian'i.- 
materials    repri.>Keiit<s   the  completion   of  tho  transition 

Ttiward  the  nortliea'-t  end  of  the  lake  there  are  liilU  .if  ;iray  j;n*'issotil  i.nk.  .vi- 
-ntly  lielonning  to  the  acid  ed^e,  and  similar  rix  ks  are  founi]  a  milo  to  the  north  on 
the  railway  west  of  Azilda  stati.-ii.  thonjrh  the  interveiiinn  uroiind  is  clay:  so  that  tho 
contact  changes  ite  direction  from  \.  li.)''  to  nearly  due  north  Ronuwhere  beneath  t!u< 
lake.  The  hill  rising  from  tho  Hat  plain  of  clay  west  of  the  station  consists  of  a  very 
•■chistose  rock  which  has  hitherto  been  mapped  as  Huroiiian.  but  our  detailed  Btuuy 
makes  it  praciically  certain  that  it  belongs  to  the  nickel  eruptive,  since  it  has  tlij 
micropeKinatitic  structure,  and  to  the  north  is  in  centini'.ify  with  less  (hanged  portions 
Ol  the  acid  edge. 

On  the  west  lido  of  tho  hill  schist  conglomerate  orcurg  having  a  schistose  striko 
of  N.  l.)-^  and  an  apparent  dip  of  I'l'^  to  the  ea«t  .  but  at  points  to  the  north  and 
northeast   on   neighboring  liilU   the  strike    varies   to   N.    2.5"  or   3<)°  and    bi'gins  to   bend 
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;;"■;»■ "' -->-;::"! -.::;;™,:::i::;::;.!;:;::::^;::;\::r 

1'^    IMaxiiiiiiin  IN,, I..'   1,1  aliii', 

Almm    thK    i.,„ih»ar,|    I„.,h|    ,),..r,.    ar-   !,.»     t,a..         ,       ,- 
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.  ikI   Mil     '_!ii'i--         I  ))<•   iM'ii'i-    I-    -'Hiii'n  hut    pat.  li\      ic.niuPimi;    liii>  ■   ■-ri.iiinil    |ijiit^.    nrifi 
Biii;uliii     ari<l    -muk  I  imi-    iiU.p   1 1  iiuini'iil "   I'l    k;i  i  iiil -Hric  m    ci'-ii   h        -t        (  l.irii    lli'll    liiki> 
Imi      Iriifi    ihiiiiiiK'l    :i'     I''    Miitli!    .iii'l    Mi>u    .i.v>'i-    ihU'li    "I    tli>     I'. It    ;;ii'iiii'l     IihIiiil:    <' 
1  .1  III'    I  •ililac  I     ai     «Min>'    |"iinl« 

(li,    til.    .11-1.  1  II    .i|>;i'    cl    til.     II,, Ml. .Ill    li.imni     an    i.i.,    .|.|.,.mI    .,1    ...n    i.l.iaM.-    ii,a:ti 
'lull    wa     11(11  111  il    11)1   MHiv   ai;..  ai    Vi,      I    ihiiii'   ami   iln-  i;iiai    "|ii'ii   pi' ■   pai'U    liljiil    vti'li 
V'.llrl     -IIUU«-I    II     lal^i'    I'Ut     \i!\    llli'^^iilal    j-f;;l  i-^^a' mri     ■■!     tli.'    >ul|ililili  ^ 

At    thi'   I'lL-ti'iii    ...iiii'i    till    prii|i'iii I    mint.,   ii.ii.ln.    |,.i.h     Ma.  iji.iialil    l.iki      ail 

1  l.i-i-   t..   III,.   ,|i.,i,     .,    |,.i.|\     Ma.  .|,,iiali|     1.1     Nil.     ".,    iiiiiii  .    llii,    !ii-i    III    till-    -111.      Ill    Kiiin 
I      1,1'   u,,ikii|.    Il""    liii-.il    ilnHii    Ilk.'    till-  i.itiiT-,       All    I, pi  II    pit    h.'ar    th.-    lak.'    i-    at    lli' 
11,11^111  I't    tlif   mil  It,    auaiii.Nt    iiiix.ij   jii  .■.'ii-t,iii.,s   aiiil   m,t    lai    Iimii    tlic  v![aiutiiiil   ^lu'i-,.-. 
"  111,  Il   1-   i;ii'atlv    HUM, I    viiili    ii    a-   a   iiii-li   lirriiia       On    i  lii'   ,|u!iip   lln'fi-   at.'   p.  uiiiiit  it  ' 
I  •     11     I    II   ',     M  lii-t       II,  I  nl.li  li,|r     piil|i|j\nii'    .ilnl    a    lltfli      :  i    ,  r  .    t   il  l  i/i  ,  I    .ill.-,        .i  -    ml!     a- 

nii'i-        .\    Il  »    -I  all-.     ..I    k^iapliili'    Hiir    luiiii.j    in    uiii,    ma-,    ul    urn  i-. I    imk  It     i 

I  I  ..li.il.li.    Ilial     a    illk.     .,|     pi  uniat  It.,    .ul-    tli.     ii,,iiti.    .,ii,|    ,iii     ai     i  In  -    min.       I.nt    I  h,     ,.  , 

pi,    nil'     I-     lull     |ii,iil     In     lliaki      till-    Ijlllti.     ,|.|t,illl 


No.  _'    Mine 

l.ail,\    .Mai  i|,,|iali|    l,ikiv    liki-   Clara    ItiH.    li.i-    l,i  i  n    ilalnlii.,1    t,.    all.,li|    .i    vsit.i    nippi.^ 

.1,1    ,'t-    oil    til       I I    ..xpiii- ,1    II, ,111,     I  ,,iit.iii,ni;^    ll r,i  .     |i!-:     i.     ii'i,,iiiil    li.-lii 

a  iiaiMitt  i'\liii-iiin  sunt  lii'iu-l  tu  No  i!  iiiiii.'  .\ii  i-l,uiil  in  lln-  niiUlii'iii  pait  i.t  tl.,' 
laki-   i,iii-i-t,    maiiilv    nl    maiiit..    I,iit     at     it-   iii.-t.iii    .ml    -li.nih    a    L:.,--aii  i  ,,M'I  .  il    pati 'i 

•I    Hunt.,,   ami  at    I  lir  .ml   i>l    a    l,a\    mi    ll a-t    -Imii.   ,,l    tli,.   Iiki'   a    Kami   i.l    m.iil.'   ii.,., 

I'l"    til     l»'i    li'i-l    »ii|i'    run-     lilt     all. , lit    iiiii'lliinl    i,|     »    mil.'    ami     i-     ilaii    l,i-i     t.i    -ii;'i 
liiicatli    a    I  la\    i|ip,i-it.      .Xlii.iit    :i",ii    li.'t    liirthiT   tn   t|i..   h,  ul  Ina-I    t|:iri,   n.-.,-   tli.'   mm, ill 
-tiip  .it    niii'it.*   Ill    \iliii|i    till-   iiiiiii-   Is   slink 

111.'  iicintt'  liaiiil  ju-l  1,111  liiiiij  I-  III  liiii'i  i;iain  tlian  tin.  inaiii  i  iiii;,.  ..ii,|  i-  -p,,ii.,| 
vi'\i  little  rii-t\  ia\iti,-  I], ,11,  mIiiiIi  inc  lia-  lain  viiat  Inii  i|  uIhh-  ii  nut  ,|uiti  iminl 
"ith  n<».'>un.  It  ht'Hiiih  Ijitwcmi  uniiiitniil  (iinus-,  ti,  tin.  -iiutliH..-l  iiml  a  ^i  .i-nsti.i  , 
lull  imliidiiig  long  itrips  mid   masM.s  dI    «cII  htrutilicd  uravwiick.,  to  tli.,  inntli.'ast .    Imt 

pii-i'iitl\     pnss.'s    ciitiri'ly    iiitu    th"    mii.|--        Tlir    sunt  li.-ast     ..ml    ma.     tin-    inim     i-    

111.111'  lii'tMcfii  Krcciistuiii'  and  uianitc.  and  It  appears  that  the  loiitnit  lM.tH,..ii  the  t»,i 
iiK-ks  was  a  line  ul  weakn.'-s,  pr,,l,alily  also  of  taiiltinn.  periiiiltinu  thi'  inolti'ii  nun',' 
i.lid  ore  to  flou  in  thi.s  diriitiini  'I'hi  irranitoid  »;neis.s  is  yuiiti;;.'r  than  the  ^;r.  I'li-lmie 
eiielosiiiK  hits  i.l  it,  and  lioth  rm  k-  are  i  nt  I  v  niiimr  lault  line-  ami  olten  f,iiii...'/.'il 
III-.,  hi,  I  lia-  III  th.'  mi.'iss  the  1. 1..  11. 1  l,|,„  k-  al  vat|.|-h  .,||,'|I,.|  .iii,|  .■  i  i  .| 
ly   similar  niatenals  crushed   line. 

The    dike-like   hand   ot     iiorite   mims    liinr    ;;niiniil    at     the   .  ii:;i>-      and    is    eiiilenll-.' 
I.it.r   than   the   two   r.n-ks   imiit  nnied.    I,iit    .i    dikr   -   ,,i     In   I,  ,  t      uide     'I     n.,ii  |„,i  oIim  ii  n 
I    till  I    lineuraiiiid    traiiite     .|niii.    dilfi  nut     Iron:     the    :;ii,i   -,   iiin-    thruneh    it    Im    -...i' 
<li-tiincc. 

.\ll   along  this    iiiinte  otf-et    there   is    more  or   less  ore   uhnh   has    l.e.n    ..p.n.  .|    up    hy 
••inall   pit.s  or  shafts;   hiit   the   only   important   ore   hfnly   di-,  l,,-e.|    i-    N,,     J     at    t|i.     .....i', 

'ast  end  of  th.    hand   near  the   point    where  it   i-  apparently  i  ut    ..IF   1,\    the  ,,|,|,  .    i.,.  k 
1  lie    relation.s   hoing   Miniewliat    oK-inred    hy    .Irilt        'I'lii,    ore    wa-    pn-.  nt    h.ri     m    -in!, 
loliimo  that    almost   thi'   u  lioh'   width   of  tin'   hainl  loii-isti'd   ol   siilphidi'.-.    «ith    an    iir."^ 
lilar   margin   of    fnie-grained    iioril.'    against    the   granite   wall-,    and    with    a    liit;..   ilan'^- 
'I    norite   projortirig  into  the   on-   from    the  western   wall. 

Tlip  great  open  pit  is  ahont  '.'.'in  fret  long  from  iinrthH.-t  t,,  -onth.-i-i  ,im|  ha'; 
fs   wide,    and    it    has   a   depth  of  278  fe«t,    while    Inner    levels    an,]   diaiivil   ,|rill    lon-s 

li'e.t-  thai   ;t   r:!nt:r:;jr-  t.-)   .i  depth   of  at   ;ca;r    i'li'  ;,,:.      Ti,.    iii.-,,iai    .'■iumn   ,.1    

stanils  not  far  from  vertiial.  hut  inclines  slightly  to  the  wi'st.  and  at  the  third  I. .v.  I 
or  pit  flu  r  It  has  dtam.'tiis  if  '22<t  feet  from  noifh  to  -oiilh  .nnl  l"'  I,  i  '  troni  i-.-t  to 
west 
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The  Copper  Cliff  Mine 

A  valley  li  : 'd  with  «and  and  clay  axtciidi  fur  a  third  of  a  mile  to  tht  Mjiith  rl 
No  -2  witli  no  indication  of  a  (oiitinuiition  of  th-  otf.-t-t  txrrpt  a  little  outcrop  ul  iioiite 
near  a  stream  crossing  the  main  street  of  tho  town.     A  short  distance  south   of  this 
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and  quite  to  the   westward   of  the  normal    continuation  of  the   offset  rises   the   gossan 
hill  of  the  famous  Copper  Cliff,  next  to  the  Creighton  the  most  important  mine  of  the 
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The  Sudbury  Nickel  Region 
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Kgion   and   containing  still    richer   ore.      This  was  one  "f   tho  curliest    mine,   workod. 
having  been  located  tor  its  copper  ore  before  its  value  as  a  nickel  mine  was  known. 

The  rusty  iiorito  hill  is  burroundcd  on  three  sides  by  btratiHod  clay,  but  toward 
il,c  cast  lies  against  graywac  k,'  .in,l  llcsb-colored  ark.Ko,  the  latter  largely  re-.rvstal- 
hzed  iiiid  formerly  regarded  as  felsite  or  syenite.  The  arkos3  is  cut  by  two  granite 
dikes,  one  at  the  edge  of  the  norite,  and  the  latter  rock  is  cut  by  two  small  dikes  of 
t'labaso.     The  rusty  hill  is  nearly  (JOO  feet  long  and  '200  wide. 

The  large  rock  dump  at  the  mine  contains  a  variety  of  materials,  the  most  common 
being  rather  fine-grained  norite  with  a  'ittle  quartz,  commonly  called  diorite,  but  there 
seem  to  be  all  gradations  from  this  to  a  pale  gray  diorite  merging  into  red  gronite. 
Tlie  norite  lias  coarse  varieties  with  some  tiiotite  and  also  hornblende  crystals,  and 
sometimes  pegniatitic  partf  with  large  gray  feldspar  crystals,  generally  striated,  almost 
♦,>  the  exclusion  of  other  minerals  .  There  are  pIso  felsitic  looking  rocks,  gray  to  rtyi, 
arkoees  as  shown  by  thin  scetions.  Finally  there  are  numeroufi  blocks  of  diabase, 
•■vidently  trora  dikes,  occasionally  the  whole  width  being  shown  in  the  blocks,  the 
margin  being  finer-grained  than  tho  centre.  The  diabase  is  not  porphyritic  as  at  the 
treighton  mine.  The  norit«  mentioned  may  b«  found  more  or  less  charged  with,  sul- 
rhides,  and  there  are  brccciated  ma«.sM  of  rock  cemented  with  sulphides.  Among 
minerals,  in  addition  to  those  belonging  to  the  ore  and  rocks,  there  are  calcite,  quarts, 
r.nd  small  amounts  of  galena. 

A  dike  of  diabase  is  said  to  have  been  followed  down  from  the  third  level  to  the 
thirteenth,  part  of  tho  dike  matter  containing  ore,  and  having  a  margin  of  calcuo 
.,u  one  side  and  of  quartz  with  some  ore  on  the  other.  The  largest  dike  encountered 
1.S  said  to  be  very  fine-grained  and  black,  and  to  be  twenty-five  feet  wide.  Coras  from 
diamond  drill  holes  below  the  thirteenth  level  show,  in  addition  to  ore  and  the  usual 
io(ks,   diabase  dikes  and  a  dike  of  medium-grained  biotite  granite. 

As  shown  by  the  sections  given,  prepared  from  tho  plans  of  the  levek  in  the  mine 
with  aid  from  Captain  Lawson,  who  has  charge  of  the  underground  workings,  the 
ere  body  is  roughly  cylindrical,  narrowing  and  widening  several  times  and  broken  by 
,1  large  horse  of  barren  rock,  beginning  between  the  ninth  and  tenth  levels.  Many 
thanks  are  due  to  the  mine  authorities,  and  especially  to  Captain  I.awson,  for  this 
instructive  section  of  the  deepest  mine  in  Ontario,  a  mine  that  has  reached  a  depth 
ot  937  feet. 

One  curious  feature  of  the  later  development  of  the  mine  is  the  finding  of  an 
'  dorless  gas  which  may  be  lit  with  a  candle  in  drill  holes  through  ore  at  the  thirteenth 
level. 

The  chimney-like  ore  body  has  a  width  of  from  50  to  90  feet  in  the  section  through 
the  .shaft,  which  is  inclined  about  77i  '  toward  the  northeast,  and  from  75  to  mor.  than 
200  feet  in  the  section  at  right  angles  to  it. 

In  the  Copper  Cliff,  as  in  No.  2,  the  amount  of  ore  seems  greatly  disproportionate 
to  the  size  of  the  band  of  norite  with  which  it  is  connected,  and  a  certain  quantity 
of  the  ore,  being  associated  with  quartz  and  calcite,  must  be  of  later  deposition  than 
the  ore  enclosed  in  the  norite.  The  fact  that  two  slips  are  rather  marked  features 
ar  the  mine  may  indicate  fractures  and  fissures  in  which  water  currents  could  circulat«, 
and  deposit  there  materials  c''«olved  out  of  previous  ore  mas.se:i  belonging  to  th? 
original  consolidation  after  the  norite  reached  its  present  position. 

It  is  stated  that  when  the  ore  body  in  the  Copper  Cliff  is  narrow  it  is  richer  in 
copper,  and  when  it  widens  it  becomes  richer  in  nickel. 

About  700  yards  southwest  of  the  Copper  Cliff  a  small  band  of  gossan-covered 
norite  rises  cut  of  a  swamp  and  runs  southwar.i  towards  the  old  t»il..r.i  i.iHi.ry.  The 
norite  associated  with  the  ore  has  the  customary  pitted  surface  where  spots  of  pyrrho- 
tite  have  weathered  out.  and  runs  with  interruptions  beween  well-stratified  graywack* 
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i:i.(l   a   -t...,,    („ll   ..t    |,i.,k   h-W,t,r    l.mkiMK   ai  k..^..       S..>..,al    pit,    Inh  ..   I,....„    „,„.,„.d    „,,.„, 
th.-  Ik.ihI,   ii,<l,i,lin«   No.   1,   „far  lli,.  «at.T  tank  ..I   ll.,.  i..|in..r.v,   li,„ii  «hul,  M.ni..  iho.i 
"'""'     "'    '"""   '"    '"  I'    '"■'■    »'■'■'■    t^ikrri.    I, lit    all    an.    ii.m    liili'd    with    Hat.T    m,    iI,,,     ,,  ,t 
iniKti  Mi.,rr  than   tli.-  .Mirtaco  can  !..•  Mtn.     The  aiiiount  ol   iioiitu  as  <-..niparfa  with  ..i' 
sol■m^  t„  be  ndiH.d   t„  a  nuninnun,  oi    rven  to  vanish   alt„K,,thcr   in    a   toniiiM.l   int.r 
niMiKlinH  ot    M,M  k^  .il    Hiaywacki'  with  thin   .soams  ot   the  eniptivo. 

At  the  n.csl  Miiitlieilj  laine  o\u-i,  pit  hi.i  iililemie  p(.rph>  lit..  shr.Hs  itsell  m  .  ..„ 
sideral.le  aniount,,    and    the   true  m.rite   „v  khM.io    eaii   searoely    he    discovered    at   all 

''    '"  ■'"  '' «'i   ■iliiK.^t   .iiijy  (.re,  .ml   nt   tl i-inai   iiiixtnreot  «v  mhI   ii.  rite,   hid   )„■.  .i 

I'T.i'l  111,,  tl.i.  i.arioH-  li-Miiv,     At  the  h  idest  the  hand  >can.-lv  «„.-  l„.M,„d  r,n  |,...t,    nil 
111  till-  IdM^  ..xtenHoii  toward  the  Linner  Oil.  nl  ,1     ,  hoiiM-  it    naii.iHv  d.inn   n.  ei  .,,.•      , 
I..M    I...1.     Several  dikes  of  Uiaha*e  eiit   the   hill  ol    arkose  and  approach  the  open   pr- 
one or  two  of  them   actually  erossins  the  norite  hand,    hut   it   is  doiil.tful   whether  th.-v 
have  had  any  etfect  on  the  ore   hodies. 

The  Evans  Mine 

Alter  an  interval  of  about  two-thirds  of  a  milo  of  <,waiiip  and  clay  flats  with  no 
solid  UK-k  but  a  t..w  low  niound«  of  ^raywacke,  the  small  gossan  hill  of  the  Kvaiis 
mine  rises  gently  above  tlu,  clay,  but  is  now  mainly  covered  by  the  rock  hoiue  Mi 
rt.k  diiiiips,  except  at  the  tuo  open  pits  Idled  with  uat.r.  There  is  little  to  b»  le«rtie;i 
..1  preseit  Ironi  the  surface  outcroj.s.  thouf;h  the  lar-ir  n,,  k  dui„|,  ,how„  a  coiifiideraM.- 
^arlety  ot  types,  including  Kabluo,  diaba>e  (probably  fi-om  dilc«),  graywaclc^  and 
r.vrio.i,    products   ol    weathcnn-.    such    as     actmolite     ro.k  Mnrh    slifkensiding   wa. 

noticeii   on   the    blocks   of   rock. 

The  mine  was  uorked  by  open  pil.>  to  a  d..pth  of  about  160  fet-t.  and  below  this 
l>y  levels  to  the  deptk  in  all  of  about   ^oO  feet. 

Tlie  .juestioii  a*  to  wh..ther  the  l^vaiis  outcrop  sliould  bo  .onnctcl  with  the  narrow 
band  ol  ore-bearing  gabbro  two-thiids  of  a  mile  to  the  north  near  the  Orford  reHnery 
...  with  the  ri.lg..  ot  gabbro  rising  only  KMJ  yar.ls  to  th..  v„ithw,.>t  nerir  Kelly  lak-. 
K  one  ot  coiiMd.rable  int..rest  and  should  be  briefly  .lis,  „^s...l.  The  .  .,i,n..,.ti.,„  with 
•be  nearer  gabbit,  aiva  seems  at  brst  the  iii.ire  natural,  but  there  are  reasons  fir 
..e.i.ling  in  lavor  of  the  other  theory.  In  the  lir.-t  pla..-.  all  the  important  oiv  deposits 
in  the  topper  tli*F  region  are  on  what  may  be  c..n>id..red  one  .■urv..d  belt  of  norit  . 
projeiting  Irom  the  main  range  and  every wlur..  gossan-.-ivered,  indicating  the  presence 
..I  sulphides.  On  the  other  hand,  the  ban.l  of  gabbro  to  the  .soutli..a.st  of  the  Kva.is 
nun.,  ditlera  in  .hara.ter  from  the  typical  nickel-bearing  norite.  It  r..r.i,st«  weatherin- 
..ml  rises  as  sharp  ridges  of  hills,  whiU-  the  nickel-hearing  norite  generally  has  onlv 
i.iu  iWiel;  It  IS  never  gossan -covered  at  its  juiutioii  with  other  rocks,  and  only  very 
..'mall  deposits  ot  nickel  ore  have  be..n  found  in  it.  aii.l  th<.n  only  at  a  considerable 
clistanc.  from  the  margin.  Tl«.  gabbro  b,.|t  near  Kelly  lak..  is  narrow,  averaging  onlv 
■•'.out  halt  a  mile  in  width,  but  it  connects  about  six  miles  to  the  northeast  with  a 
l..rg..r  mass  f;,.v..ral  s,|uare  miles  in  area,  .just  east  of  .s^udbury.  The  narrow  band  anl 
the  main  body  rise  through  the  »,..dimeiitary  ro.ks  in  what  se,.m.  „  la...ol,.hi..  «•,> 
'ilting  the  .slaty  graywa,  kcs  up  on  their  lianks  till  tli..v  aiv  nearly  v..rtical  or  ..wm' 
Wightly  turn..,!  the  other  way;  and  thi,s  tiirn...l-up  ..dg..  .,f  graywacke  .-uns  right  on 
icttt.M.n  the  gabbro  ridge  and  the  Kvans  mine  as  if  ,,uite  undisturbed 

.•>till  am.ther  point  has  a  bearing  on  the  ,|i,...tioM.  The  main  rain^e  uniformiv 
blen.ls  to  the  nortlm..st  into  mi<  i<,pegni..itit..  aii.l  graiiit...  whii,.  th..  .Sudbury  gahhi", 
mass  with  Its  prolongation  to  the  southw.*t  has  no  .muI,  pculiaritv  Th^  K,.llv  I.k.. 
luind  ol  gabbr...  th..n.  i.  of  ,,„ite  dilferent  .haracters  from  the  .^nal  nickcl-bear'in - 
iH.rit,..  ,.,„d  havnm  no  ,.,■,.  l„„|i,..  itM.lf  would  b..  iinlik.'ly  :»  «7,d  off  from  its  flank  such 
n   lo.rcie  n>.!ifis   of  -.ire  a.-;   the    |->,-srii    -rAiK-. 

II  the  |.:vaiis  ore  body  is  connected  witb-fhe  hand  to  the  north  why  should  there 
Ic   a   gap  ot   two-tbnd-   ot    a   uiiIh  Www,    it   and   the  n..xt   out.r.jp;-      This   ,s  not   easy 
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ti.1  uliswir,  liiit  mil'  may  Mij;K''^t  tliiit  ((Uiiuiliiin  links  arc  liuried  uiulcr  tlif  'lay  tiats 
IftMiiii,  iir  till'  cxpiaiial  mil  luiiciit  iimoiiK  pr(».pc(tor,s  may  In'  :nTf|itiil.  that  there 
n  a  Kiihtiriam  ill!  c  iiiiiicctiuii  hftuuin  tho  outcrnps  'capped  over"  at  iiTlaiu  points. 
I.  tho  Inltor  is  I  hi-  laso  and  tho  ore  ln-ariiii;  tonncitii)n  is  nut  at  too  unat  a  dcplli 
thoro  should  ho  maRnetic  di.stiirhanres  hctwcf-n  two  outcrops,  hut  this  has  not  jct  been 
dpiuoiistratcd. 

'I  ho  t'vidoiuo  pointf.  toward  a  rial  roniipction  id  tlic^o  (liiiiinoys  ol  nitkcl  jr^ 
omong  theniselvi«  hy  tortuous  diannpls  which  havo  not  always  roacht'd  tlu'  surface,  xUi 
cfcinincys  representing  weak  points  in  tho  overlyinn  roi  k  hIuh'  I  ho  iiioio  tluiil  part 
p1  th<-  iiuxtiire  of  rock  and  ore,  which  would  of  course  ho  tho  sulphides,  could  ho  forced 
upwards,  somotinioB  as  a  column  more  than  a  tliousand  feet  in  height,  as  at  the  Copper 
Cliff.  It  is  pn<isih|p,  however,  that  the  connecting  channel  lay  abort  the  present  level 
and  that  tho  hoaviir  ore  descended  where  opportunity  offered.  Since  then  the  upper 
canal  may  havo  Keen  removed,  along  with  the  thousands  of  feet  of  r' ck  whi.  li  Ii.ne  un- 
doiilileilly     heoii  plared  off  siico  .Xnhear  times. 

The  Copper  Cliff  offset,  thnin.'*!  only  about  thiee  and  a  <|uarter  miles  long,  and 
therctoro  shorter  than  two  other  ,  ts,  at  Worthington  and  in  Foy  townsliip.  is  mu'.h 
the  iiiOst  important  in  the  Sndliui  \  reiiinn.  for  its  or.'  iLposits  lia\e  all  ac|\  supplied 
more  than  8<K).(MiO  tons  of   rich  ore. 

'I'ho  peculiar  arrangement  of  tho  nickel  range  between  this  offset  and  that  at 
Worthington,  as  if  a  block  of  tho  .\rihoaii  support  11  miles  long  on  the  acid  side  and 
It)  miles  long  on  tho  basic  side  had  slipped  down,  producing  faults  at  each  end  through 
which  an  outlet  was  afforded  to  the  molten  roik  and  (^ulphidoK.  has  already  been  men- 
tioned ;  am!  tho  greater  irregidarity  ol  the  Copper  Cliff  offset  is  perhaps  due  to  th.3 
tarioty  of  tho  roi  ks  forming  the  substratum.  This  off.set  differs  from  tlie  other  two 
in  the  much  greater  volume  of  sulphides  distributed  along  it  and  in  it«  greater  dis- 
continuity, the  southern  outcrop,,  at  Copper  Cliff,  the  former  Orl'ord  sm.ltei  .  anil 
Kvans  mine,  being  separated  from  the  main  offset  and  from  one  another  by  spaces 
oi    from   a  'luarter  to   three  iniarters  of  a   mile. 

'I'Ikto  si'om.s  to  be  a  connection  between  halts  or  obstructions  in  the  devious  clian- 
rel  followed  by  tho  molten  material  and  the  accumulation  of  sulphides,  the  main  ore 
deposits  occurring  at  the  end  of  a  continuous  band  of  norite  as  in  No.  L',  or  in  isolated 
outcrops,  as  nt  the  Copper-  Cliff  and  T''vans  "lines  Or  T'eters'  i  ompiiris.in  of  the-o 
ere  holies  to  a  string  of  sausages  with  a  long  bit  of  string  between  the  sansagoks  is 
very   apt. 

.\s  the  lino  of  oun Top  in  tho  isolated  parts  does  not  correspond  to  the  original 
fniitheasterly  direction  of  the  offsot  it  is  possible  that  faulting  has  taken  place  sin-e 
tho  consolidation  of  tho  pyrrhotitcnorito  magma,  producing  the  discontinuity  and 
c.nusing  horizontal  displacement  toward  the  west,  but  in  the  large  amount  of  minor 
faulting  it  has  not  yet  been  proved  that  there  are  main  faults  of  this  magnitude. 

Elsie  Mine 

Returning  to  the  basic  edge  of  the  main  range  the  contact  can  uo  followed  norfli- 
east  from  l.ady  Violet  mine,  passing  to  the  southeast  of  Pump  lake  and  then  turnias} 
fast  towards  KIsie  mine.  The  norite  is  of  the  usual  kind  and  most  of  the  way  is  in 
contact  with  granite,  partly  coarsely  gneissoid,  having  a  strike  of  (yj°,  and  look-n^ 
I'ke  l.aurentian,  but  partly  medium-grained,  flesh-colored,  and  probably  later  thnil 
tho  oorite.  With  the  granitic  rocks  are  occasional  hills  of  "older  norite"  and  of 
preenstone  near  tho  boundary  between  Snider  and  McKim  townships;  and  at  th'< 
Elsie  mine,  in  lot  12,  con.  V  of  tho  latter  township,  various  greenstones  cover  a  large 
tircii  tr.  tho  fo.ith  of   tlie  coiitiict. 

KIsie  mine  is  situated  at  a  small  ombayment  of  the  norite,  which  lies  as  a  low 
plain   extending   for  a   mile  or  more  to   the   north    with    little   change   of   level.      Tha 
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imrito  i.i  weatheriiiK  riipilly  liiti.  roiiiido'l  I'diildi-rlik.'  ina<M'^  partly  litiriiMl  in  th<« 
f<jar>o  sandy  inatpriaU  losiillinK  Iroiii  ihu  dtcay  ot  piicIdmm;;  ro.  k.  nnin^  clear  (T.- 
I'tnco  of  til"  ori^'.in  nl  thv  piriii. 

At  its  fdK«  the  norite  bhous  rusty,  pitted  surlaces  as  usual,  and  tliu^o  incrtaso  tdl 
tho  elonKttttHi  oro  Imdy  j.s  reached,  whoro  an  open  pit  shown  that  tho  foot  wall  of 
variolic  iirri'iistiiiii"-  -Inpi^  at  an  anyli'  of  al"'Ut  'J''-'  tn  the  imrtliwi'st .  'I  he  rlr;m  ori' 
has  a  thicknoas  of  'JO  foet,  but  is  in  irrogular  |)Ookots.  whilo  abovo  it  thero  is  mixc) 
ere  and  noritc,  in  soino  plaii'i  for  about  V>  fiot.  Thxro  has  been  v);nii  sli|ipin){  and 
slit  kciisulin;;,  but  the  surfai*  of  tho  undfrlyinn  rock  is  nnicb  nuiro  uniform  than  a» 
ether  mines,  such  as  tho  Creighton. 

The  ore,  which  is  loss  rich  than  in  the  mines  to  tho  southwest,  in  almost  whol'y 
pyrrhotito  and  chalcopyrito.  thotiph  a  few  M'ams  of  (piart?.  aiul  (  ali  ito  with  (lay  and 
iron  pyrile-  oicur.     The  pyrilo«  (iitil:iin'  no  nirkol 


.Ininlai-'o  of  vrri-oMst. mo  -uuili  ■•!  |;|Bii-  miiio. 

To  the  west  and  north  of  the  mine  the  coarse-textured  norito  with  tho  usual  bleba 
of  bluish  fiuartz  and  black  mica  occasionally  varies  into  patches  of  a  much  coarser 
grained  variety  with,  a  suggestion  of  concretionary  fitructuro,  consisting  of  vague 
bands  which  contain  mot-e  hornblende  toward  the  outer  edi^e  and  more  plagioclaM 
toward  tho  centre,  with  which  there  is  usually  a  considerable  amount  of  quartz  inter- 
mixed. These  areas  vary  from  the  bize  of  one's  hand  to  several  stjuare  yardfl,  and  seem 
as  a  whole  to  be  distinctly  more  acid  than  the  average  norite.  , 

The  Elsie  mine  dump  shows  a  considerable  variety  of  rock  beside  tho  norite, 
quartzitA  or  felsitin  arkosn  and  groenstonow  boinjj;  rbn  romnione^t  ;  and  the  hill  which 
uses  iteeply  to  the  south  presents  an  even  greater  variety.  At  tho  foot  near  the  oro 
thero  are  some  hands  of  arkoso  or  quartzitic  rock,  evidently  sedimentary,  mixed  with 
hornblende  porphyrites,   but  higher  up   the   hill  tho  prevalent   rock   is   "older  norite,'" 
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liiii'^riiiiKMi   and   K'oy    >>>   'u\or    uitli     n    lu'lnciik     <>t     sliK'itly     raiM-U     K''>^'<'n     band*   uii 
wratlii'ri'd    MirlucL'>       Tliiii   MHtiiiiu    |ir(i\i>   that    tliK   iixk    con»i»tK    (if   pla^KKlaae    aiui 

li>  |>.r-tliiin.    Mi'lii'iji    iiuiuiz.      '     til. It     It     1-    a    iii'iri-   lia-ir    rni  k    lliaii    tlii'    iiii  ki'1-l..'iiriiik! 
iiurite. 

Tlio  iildtT  iioritr  I-  iiiixi'd  with  or  pawoH  into,  sevDrul  iitlii-r  rii<'k>,  ivpi'i  lully  |[re«i> 
stoiiivs  and  liiiniMi'iidu  |Mir|iliynt<  ~  Init  al^M  an  aniyKdalmdal  rixlc  »liuwinK  vury  pru- 
1. mini  I'd  "pilliitk  .ilriK  tiiic,"  iikIk  atiiiK  .iiirfaci*  lava  lli  wn.  Tlitt  piiliiwn  may  lio  troi.i 
a  !•  w  nil  III  -  (  .  I  nil  Ml-  lni'  ti  ■■  III  diHiiirtii  and  iiin-.i»t'<  iil  a  palrr  rtiifif  >  iin'tnni's 
(Mil  iiiiiiti-,  \iitli  a  dark  miirum  liavmn  two  or  tlirro  intdii's  ot  tlin  outsitie  thickly 
^[irinklrd   Hith   Miiall    iihito   anivudules. 

A    »ido   liaiid  lit    tills    iiii\iiiri>   ot   K''<'*''i'<t<'iit"'    fxtonds  iioiith   toward    Copper  Cliff, 
(oMTiMj;  M'M'ial    Miuaii'    niilfb. 

Murray   Mine 

The  KDJ^^'wi  I'dni'  iif  the  iinnfi'  at  KKio  niiitiinii's  without  a  liroak  toward  the  nort'i- 
last  to  Murray  iiiini'  on  tho  north  halt  ol  lot  II  This  is  ono  ol  th»>  oljust  and  nios 
(ari'tully  titudii'd  ot  the  mines  of  the  region.  H..  >n  von  Foullon  ana  Professor  T.  !. 
Uulkor  having  worked  upon  it.  proving  that  the  accompanying  rock,  up  to  that  tim-' 
called  diorite,  van  really  norite.  For  a  nuiiiher  of  years,  however,  the  mine  has  not 
lii>en  operated,   and  conditions  are   not   now  favorable  for  its  examination. 

Mnili  (if  what  hn-  Keen  ^aiil  of  thi>  KKie  iiiiiie  appllc-  to  the  Murray  mine  .iKo 
but  the  band  of  gossan  is  wider  here  and  apparently  the  ore  body  considerably  largei 
."Several  large  dikes  of  olivine  diabase  i  ross  th<'  norite,  some  of  them  cutting  the  ore 
body  itself,  and  run  in  the  direction  \'2'>''  towards  l(ams(\  Ijke  mar  Siidburv.  tin  ii 
courise  having  been  determined  by  Dr.  Barlow.  As  the  conditions  of  the  mine  are  not 
easily  seen  at  pre>ent  it  may  be  well  to  ipiote  a  description  of  it  from  one  of  the 
i;entlenien  who  operated  it  I'J  years  ago. 

In  1893  Captain  Uichards  Ktafcd  to  the  Inspector  of  Mines  that  "the  ore  body, 
whiili  possesses  an  average  thicknoKs  of  70  feet,  strikes  in  the  dirwtion  northeast  and 
niilhwist  ami  dips  northwesterly  (."i"  trom  the  h' rizoiital  Tills  anuli  iiirritcil  ma-- 
ot  nil  kclifenius  pyrrhotite  and  diorite  is  contained  by  diorite  walls.  The  foot  wall 
at  certain  points,  us  proved  by  iiiining  operations,  pre.sents  the  appearance  of  a  true 
lissured  plane  upon  which,  at  some  time  or  other,  the  ore  body  has  moved,  as  evidenced 
by  the  coarse  tlucan  or  attrited  matter  which  separates  the  ore  from  the  wall.  In  some 
places  through  the  ociurreiice  there  exist  large  inclusions,  horses  or  intrusions  of 
diorite  containing  fragmeiitt;  of  granite."  As  these  mines  are  now  full  of  water,  little 
can  be  .said  of  the  relationships  ,)f  the  ore  body  to  the  adjoining  rocks  beyond  what 
is  \  jsihie  on  the  surface.  The  character  of  the  norite  mass  has  been  elaborately  des- 
cribed by  Dr.  T.  I,.  Walker,  so  that  it  is  only  necessary  to  say  that  it  is  th«  ordinary 
coar.se  grained  roi  k  with  bluish  ((iiartz.  The  contact  of  the  norite  with  the  adjoining 
rock  runs  about  northeast  from  the  Klsie  to  tlie  Murray  mine,  and  continues  in  the 
same  direction  past  the  latter,  more  or  less  goesa.i  marking  the  boundary  all  the  way. 
The  hornblende  schist  and  porphyrite  forming  the  foot  wall  at  the  Rlsie  is  largely 
interrupted  at  the  Murray  mine  by  dikes  from  the  southeast  end  of  an  area  of  red 
granite  later  in  aue  than  the  norite.  which  it  lias  penetrated  in  the  most  ninfused  w.iv. 
Kometimes  forming  a  giant  breccia  of  norite  blocks  with  norrow  seams  "f  granite 
between,  but  part  of  the  apparent  granite  may  prove  to  be  squeezed  and  modified 
Hrkose  or  re-composed  granite.  The  greenstone  near  the  Murray  mine  is  sometimes 
sheared  into  s(  hist  with  bands  of  lighter  and  darker  green,  showing  great  dynamic 
Hct  inn. 

On  the  dump  of  the  Murray  mine  much  of  the  norite  is  found  to  be  filled  with 
sulphide  granules  of  all  size*!  and  in  all  proportiims,  as  at  most  other  nickel  mines,  the 
ore  being  in  coar.se  grains  when  the   rock  is  coarse  and    rire  rrma.     In  addition  to  the 
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usiml  >i)iinti)    I.,,  k-  uji   th..  i\n,„\>  llim-  i-,  /i   vny  lonrsti   ■  nml.  Int.-"   inii-isliiii;  of  Kr..'ri 

'■"'"'•'•  '■'!'■    I'I.hI.  -      Iiiii.-     .i\    iimIx       |.  i-^     :iri.l    tiliil,      |,l.i-i..,  |.i„     ujtli     i ..i     I.,, 

i|U»rt7..  o\  iili.iill>  a  f.<t:ii  y.iljnii  .>!  till'  -..Ti   hiiiiwl  ,it   i;Uii',  liiit  I.I  n  imxli  iiijii   .r  tf»tiirp 

111    Ihi-   ii..ii)i('u-t    I.I    iIk'    imjiiii    till.  nDioaii  M>\irnJ   rili.>'    i.l    thi'    noriii.   cxtiiut    for 

liiill    a    iii.li'   uitl,    ;i    tin    srmill    i.iit,i,i|iv    111'  (,rr  ■•xpiis.,!    |,y   hlrippinit  "I"    •'-<    pit..    Irm- 

I '    '■    l"'iii'         In    -'I.     lib...     .1    I,,-,.     |il,i.   ,.|    .li.il.i.i.    Ii.i-    t..iii    |,.,rtlv       in|.|ii.|     i~    ,1 

in  n.iiiriliiii«  liir  cro,  jii-t  to  tin-  .iisl  ol  a  llllls^  m|  ^usinri.  Siiporliiially  thw  two  rm  k« 
«ri<  siiiiiimlint   nliki-,    tlinimh   the  iliali.i^i.   slmw,  im  iiuiirl?,   \,M,s,  nml   is   not   pittnl    with 

HosMiii  spilth       At  tliKM'  oiii.riips  till.  i:i«s>«ii   li-.m,  a;;iiiiis'    il UUr   rm  U  a,  «t  Siiltuna 

niinr 

'llic  raiiKii  of  later  Knitiit..  lull     t..  tli..  s,,iitlii.aht  ul  tin.  Mmray  niiin.  tiin>  for  somo 
mil<>s  purnllrl   to  llio  ckIki'  ol    tin.  noriii.,    nml  m  ».omi.  plmi's  .m  l..s.s   pati  lii»,  of  jrreon- 

'  'III.   .1.        hImI.'    ||    I-.    ..if    l.\     till,    ili.ilii...   iliki".    niriiliiiniMJ   al.,,i..         (r i    t  h,.    |iiri;i  st 

•  lik.-s  lia-  «i.;itliii,.,|  out  Iravini:  a  \irti,;,l|y  u.illi'il  pa--iii;..  |.".h  fi.it  wnli.  tlinnmli  a 
ridgp  of  Kninifn  n  little  t<«»f  of  Murray  niini>,  provitling  an  vnty  (jradu  for  the  old 
rond   troiii    Murray    iiiiiie  to   Hiidhury. 


.Toint;ii.'i.  ..f  ^rraiiili-  west  ..f  Miiriav 


White  till,  fanailian  Parifir  r  lilwnv  rro-^r.!  tin-  tii.'kil  ratitri'  lirtwrrii  Miiiray  inino 
and  Azilda  (formorly  Kay^idi'i,  tlioro  is  an  excoUoiit  swtion  di^playiy],  which  was  des- 
cribtHl  by  I'rof.  Walker  years  nKO,'.>  hut  may  be  referred  to  here  as  one  of  the  best 
known.  The  whole  width  at  this  point  is  about  four  miles,  so  that  this  is  one  of  the 
broadest  parts  of  the  range,  bein;^  surpassed  only  hy  the  part  north  of  Croighton. 
Near  the  mine  the  norite  is  of  varyini;  texture  and  largely  mixed  with  ore  as  pyrrho- 
.i  errept   f.ir   :!  ^.-■.n-..-.-,r!-,:it  ...ar-e 


t  tf  p  *..,»u^ 


t:c  v.irir*t ioti  loi    a  luiii; 
and  a  half  to  the  northwest  along  the  railway  or  the  wagon  road  to  Azilda.   At  a  few 

-.3  Quar.    Joar.   Oeol.    Soc    Ixindon.  Vol.    LIII    (1897),   pr     47-54. 
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pf,iiit»  (In-  ni-atlnTf.l  Mirlaie  Ictukii  wiiiHxIiat  ii'rlduli  I., ward  tlu-  m.rtli»<'»t  lorinT  "f 
Mckini  lo»n>liip,  bul  fr.^h  spoiimeiui  bi«vi.  tin- uiiiul  d»rk  ii.lor  ol  norit.v  Wli.  t..  tli«  iimd 
Bnd  rail«ii.v  [mm  from  M.  Kim  into  Siiid.T  towrikhip  »nil  d.'Mcnd  lownrdH  lli-  U»y«ido 
plain  rii'liiT  tiiuvKniiiii-il  urarnto  iro>»"»  a,  a  liand  ali.im  t'Mt  liH«l  wido  Imt  K-ry 
irri-Kiiliir,  and  halt  a  mil-'  UiiIut  n..illi«wl  tlii«r«  u  a  siiuilur  band  H'T.-  tbu  orup- 
tivo  l.v.om««  more  ui  id  in  .barait.T  and  r.<ld.'r  in  c-olor,  ubilc  tbo  nn  k  rii.*  a»  liiiU 
in  n  pr..n(,UMC.'d  »«>.  probably  br.  »ll^o  ol  it^  .  haiiK"'  i"  ...iiip.i.itDn,  i.in('«  it  no  lonner 
wratluTs  rapidly  ai  in  tbi>  Idw   |ibiin   tnward  ttic>  basic  edtftv 

Where  road  and  railway  pa*  into  a  bay  of  flat  ila>  land  tlio  acid  phase  of  th.« 
crii'ivc  has  di>tin.tly  come  in,  witb  Uiv^h  r.'d  woatbor.il  mirfaroa  and  very  rugai-<l 
fdinm  with  slivp  klopcn  or  tlitfn  toward  the  valNy.  H.yond  tins  the  i-rnptivo  it  H'ry 
vbi-to-r.  r.f»n.blini;  niuios  or  t.Uit..  s.bnt  and  lias  ln'.ii  ninpp<'<l  by  tli.'  (i.-.,loi;n  al 
Survey  at  Hiironian,  though  tb»  bndinK  of  tb.>  baHal  lonnlouierate  on  a  lull  half  a 
mile  northwest  ot  Azilda  station,  with  typiral  uranite  bouldorH  and  the  uniial  intenh« 
metainorphisiii  proves  that  all  tli.'  wliistoM*  rcKks  bftwcn  tli«'  hill  and  tli>'  i.d  clilf 
previously  mentioned  must  bo  in.liid.d  in  tlio  acid  pbiiso  of  the  .-rnptiie.  Thi»  vi«w 
corresponds  with  that  taken   by    I'rof.    Walker.'* 

Blezard  Mine  KeKiun 

From  the  small  out(  r..ps  of  ore  in  the  suMlhern  ball  ol  |,,t  10.  ,■,„,  VI.  I  \l.  Kn„ 
township  to  the  Cameron  mine  in  lot  7,  con.  I,  of  Hlozard,  a  distanoo  of  about  two 
mibw,  the  ba^ic  cd«t.  runs  with  minor  <  iirves  toward  the  llorthoa^t,  showing  little 
gossan  or  other  evidence  of  ore  The  norite  alo-ij;  this  portion  is  in  lontact  with  later 
fleeh-colored   uranite. 

At  tho  (  amcron  mine,  where  a  small  ore  body  ha«  Ix-on  developo.l,  there  is  a  slight 
bay  of  the  basic  edse,  which  here  turns  nearly  ca.st  to  the  I.ittio  Stobie  mine  near  the 
north  end  of  lot  (5.  Along  this  part  of  tho  contact  tho  relationships  are  largely  ""'• 
coaled  under  drift  deposits  and  by  woods. 

At  tho  Little  Stobie  an  open  pi*  discloses  ore  resting  againut  green  schist  and 
hornblende  porphyrite;  and  the  norite  shows  a  little  to  tho  north  and  also  to  the 
southwest  in  a  phase  suggestinR  breccia  or  conglomerate,  the  usual  rather  coarse  gray 
rock  enclosing  crowded  fragments  of  tho  finer  graini-d  older  norite. 

In  lot  8,  cnn.  11,  of  Dlezard  township,  about  a  mile  northwest  of  the  Little  Stobie, 
a  small  pocket  of  ore  was  found  by  dip  needle  work  by  Mr.  Kdison's  party,  and  a  test 
pit  and  diamond  drill  holes  were  sunk  there  to  explore  for  ore,  but  without  success. 
The  drill  core  showed  norite,  weathered  or  fresh,  to  the  depth  of  1,030  feet,  with, 
however,  a  band  of  schist  at  about  260  feet  and  a  considerable  thickness  of  fine-grain.^d 
granite  at  900  to  9.50  feet. 

On  the  way  to  the  camp  two  small  outcrops  of  granite  are  found,  so  that  here  as 
northwest  of  Murray  mine  dikes  of  granite  cut  the  norite. 

From  Little  Stobie  the  contact  runs  northeast  to  tho  north  corner  of  lots  .">  and 
6,  con.  I.  and  then  ea«t  as  a  small  embayment  to  Mount  Nickel  mine,  which  has  been 
partially  developed  by  two  open  cuts,  the  sinking  of  a  sbaft  to  n  depth  of  165  feet, 
and  a  considerable  amount  of  drifting  at  the  75.foot  level.  This  work  and  two  diamond 
drill  holes  are  said  to  prove  that  there  is  a  good  body  of  ore.  dipping  at  about  an 
angle  ot  300  toward  the  north,  and  the  ore  dump  is  of  respectable  size  and  quality. 
The  open  cuts  show  that  the  ore  i-  partlv  to  fbn  south  of  th..  norite  in  fractured  and 
broken  greenstone,  as  if  it  had  been  sciueezed  into  the  fissures  while  molten,  by  pressure 
from  the  north,  thus  forming  a  sort  of  breccia  of  rock  fragments  cemented  by  pyrrhotito 
and  chalcopyrite. 

14  Ibid,  p    53 
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Klezard  Mine 

h  roll!  Ilic  .Miiiirit  .\i<l.rl  mini'  tln'  lontait  liiiiil.--  (iiiitlv  towanl  the  iiciithcast  to 
tlif  IJIi'zanl  iiiiMc  III  lul  I  III  till'  si'(oli<l  coiici's-ioii  nt  tlii'  t(>WM^Ill^l  nl  thi-  >aiiii-  name. 
Mr  Holiirt  Ml  Hi  nil'.  hIiu  was  laptain  cil  tlic  inilio  in  l^i'i.'.  .static-  tliat  it  wa.v  cipciud 
in  l'"^'<  ami  H!"!  ii.v  tlio  Ddinininii  Mineral  ('(iiiipany ,  anil  sliiit  i|ii«ii  in  lMi)'2.  At 
lui'^i'iit  I  lie  snrlaci'  i^  so  rovricil  with  hiiil(lin<:>  and  heaps  nl  waite  nick  that  very 
littli'  can  111'  ^ifi  III  (111-  iiiiiiiciliaii'  Mirrniiiidiiifis  iii  the  ore  ilcpn-it.  and  thr  large  pit 
is  (d  loursi'  lull  111  watiT.  'I'hc  wastr  luck  iikIiiiIi's  some  noritv  and  j^al.ljri).  hut  iiiinli 
iiiurti  t;ii-cii-tiiiii',  .siirli  as  liiiriililende  porplix  ii'r  .iiid  line-yi  .iim.'.I  lim  nliii'inh'  '■.lii-f. 
a^  well  as  i|ii!i  1 1  zil  c.  The  walls  ot  the  iipen  pit  (uiisist  niainlv  (it  iiniii  ^iliist.  ini  luilinv; 
sniiie  niassr^  ni  (|iiartzite.  Ijiit  mi  the  northeast  v|,|,.  what  i.s  apparently  a  projectinii 
III  Kalihni  Inini  the  larye  area  tn  tlie  north  reai  lie~  the  iipenin^.  The  nnnte  to  the 
north    i~   till-    ii-iial    eoar.se-f;rained   kind  with    i|iiart/.  and    hiotite.   and,    aei  nrdinn   to    Dr. 

T      I.,     \\;ilL.i         \i.i,d.    f,    the    shi  n-   of    Whn-ui,    l.iki      ulm.-    it     /i  ..!;:!>    -' 

Unei-ssoid  i;ranite.  'I'iie  nahhro  or  norite  band  i^  Hat  and  low.  (oiitrastinc  with  the 
roiiKh  ridsie^  nl  ixreeiistone  and  i|iiartzite  to  tin'  southeast.  As  the  surfaee  is  so  niiieh 
(■ii\ered  thi  desei  ipt  mii  ol  the  ~iirriMiiidin(js  ot  the  ore  hody  as  seen  in  the  early  day^ 
Kv    I)r     Hell    may    h.-  i|iioted: 

'■'I'Le  ore  eonsist^  ot  a  body  ol  iiiixcd  i  haldipy  i  ite  and  iiK-keliteroiih  pyrrhotite 
mingled  with  more  or  less  roi  k  matter,  t;i\iii;;  the  whole  tin-  appi-araiu-e  ot  a  e.oi- 
yloiiierate.  The  <.:i-iieial  strike  of  the  eoiintry  nn-ks  is  heri'  as  elsewhere  in  tin-  \  ieinity 
about  northeast  and  ^oiithwi^st.  The  ore-hearing;  belt,  whieli  is  assoi-iated  with  a  (h'uk 
imartz-diorite,  is  about  I'lO  ftn't  wide  and  dips  northwest  at  an  aiiiili'  ot  f'l'i' ,  It  i- 
overlaid  by  a  massive  bed  of  ash-rolnred  ^raywai-ke,  the  weatln-red  surfaie^  ot  whi.-b 
present  rajsed  ret iciilatinc  lines  Inn Iiately  to  the  northwest  ui  the  slialt-  then- 
is  u  diki-  from  30  to  -"(I  feet  wide,  of  dark  brownish  j;ray  crystalline  diabase,  weatlieri:iu 
at   the  surfiiee  into    nuinded   bonlder-like  masses,  which   scale  otf  lom-eiitricallv    ' 

I'he  open  |iit  is  said  to  be  liO  feet  deep,  and  the  loner  workincs  nf  the  mine  reach 
a  depth  ill  in;  teet  ;  bill  the  plall^  of  the  lllille  appear  to  ha\e  been  lost,  W)  that  the 
sha[ie  I'l  tin-  iiie  biidy  i  annul  be  ilelinitely  (jiven  It  may  be  mentioned  that  fhe  rock 
liiiiiip  Is  iiiiii>iially  tree  Irom  ore.  -howiiij:  that  tl.e  separation  ol  the  ore  from  the 
wa.ste    rock    was   iii.iieil    out    nmre    carefully   than    ai'.itlier   mines    in   the   region. 

The  Ulezaid  i~  tin-  last  nniie  toward  the  northeast  which  has  been  \iorked  on  any 
lari^e  M-ale  alntiL:  tie  basic  eili;e  ul  the  main  nickel  r:in;:e.  thoniih  ^e\eial  prospects  and 
-Miall   workiiie~    all-    toiind   beyond   tlii-  toward   the  east. 

The  r.iad  Inmi  lib  zard  north  pa.^t  Whit^nii  bike  lioc.-illy  called  hiezaid  lakei  (lives 
a  good  .section  of  the  nickel-heariii);  eni[)ti\i-.  which  i.s  hen-  mily  two  mile^  and  -i 
halt  wide,  ,\  similar  .seition  is  di-pla\eil  almi-^  th,-  -bene-  of  the  lake,  a»  de-ciibcd 
bv    I'rot.    \\;,|ker 

rile  bii-ii  ediie  al  lilezaril  miiK  1-  ol  the  typKal  -oil  liii  till-  .-.oiitbi-rn  raiii:e, 
loii-i-tin;;  ol  dink  e i -n  iiorile  with  bluish  <|iiartz  and  some  plate-  of  hiotite,  .\  wide 
-uain|>  inlerM-iiev  bciw.-i-n  t  be  outcrops  near  Itlezard  iiiine  and  the  hill-  tn  the  north, 
where  ro(  k  oiici-  mon-  appear-;  and  the  charactii-  of  tie-  rm  k  i-  still  that  of  iionti', 
thoiieh  cii.'H-ci  111  te\tuie  and  paler  111  color  than  at  tin-  mine  .\ltei-  a  -hurt  interrup- 
tion ot  pale  llesh  (olorc-il,  line  ei-:iiii,.(|  rock,  prob:ibl\  a  ma--  ol  inetamoipbo-ed  (|uart;-- 
iie,  a  loiir-e  lle-li-(  olored  to  ei;,\  \iiriety  of  the  eruptive  is  a^iaiii  encountered,  cither 
a  .sxetiite  or  diorite  in  appearance,  \  -harp  bill  ol  leilili-b  -j.iii-i--oiil  nick  ri-e-  ju-t 
beyond  thi-,  po-sibly  a  liaiid  ol  laier  ei-anite.  tlioiii;li  it  i-  .-beared  into  a  distinc-t 
nn.-is-  Nc\t  come-  a  dark  t!i-*h-coloi  cd  \arie'y  of  the  i.iptnc.  -im^c-tiiifi  -yeiiite. 
Iiiit  pnuiiii;  miller  tin-  micro-cope  to  coiisi-f  mainly  of  penniatite  with  much  ipiartz. 
Coining  down  to  lower  ground  near  the  northwest  end  of  Whitson  lake  a  darker  gray 
rock,  -oiiietime-  gnei--,iid,  rcpii-sent-  the  acid  edge  of  the  eruptive  and  stands  ill 
contact  with  the   Redinietits 

35Qniir    Jour,    Oeol    Sue,   Vol.    I. III.  (1897).    pp.    4"-56. 
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.U   the  ea.e  there    .    a    narrow    band    o^^;;;;;;^'-^"  .U:' si:" --^onS 
,,,uld..r.s  of   quart.-te,  graM..e,    and    ...rhaps    other    rock  •   w^h  s  ^^^^   ^^^ 

.clust,  partly  as  matr.x  and   .artly  without  pebbles      ^  -  «  ^a     .,«.         ^         ^  ^^^^_^ 
crush.'n^  alon«  the  n,ar«.n  of  the  "upt.v.  and      ^  -';;"-;  f,/^'  ^  .j  theVrupfve 

kind  are   found  at   various  points   along  the   road. 

The  Frood-Stobie  Offset 

The  Stobie  mine  and  its  surrounding,  are  l""^»^^'^y  .^'^^^  ^^^  ^  ^rXlS 
„.„h  the  Hle.ard  and  Mt.  Nickel  mines.  -^^^'^^^^^  ^^^l^'^Ztlr^^^^^^'^  n.^ 
,.0  surface  connections  are  known  between  this  ""•'  ^;-"  '«^^,.„'^^,^  .,  ,,.,„,  ,  „,.,,. 
range    later  granite   and  older   greenstones   intervening   for   a 

'"■"X  Z::....  o«set  run.  >  .  a  little  less  than  two  miles  fron.  ----V^n' 
.ast    par   ill   t„  the   main    ra.ge,    beginning    as   a    narrow    «---    "-"  /^^J^^^^'    '^ 

:;:;h^r!r^irtr:;;uri^^ir:;;-;^         ^^  -  -p- 

H  ,       he  Copper  tUff  offset,  with  whuh  it  probably  has  no  cornection. 

1,1, K,  y,n<ls  from  the  Frood  as  a  band  ""''^."'"*'>,;  '  ""  ,  ,.„„„rp,,s  after  staurolite. 
„h.ch  .  graywack.  and  ^^^--^--^-^l^^::  /!;;,: t^^san.  but  is  cut  o« 
The  band  rises  as  a  ridge  whuh   is  pen.  r.iiiy   r.  u 

„  .  narrow^  interrupt^  ^f..uart.te  -'  -;;^^  -;;--  ^ '^rit  reaches  its 
gahbro    quickly    rises    «Ka m    ..nJ    wide  >^  .^^    _^__  ^    .ra>uacke   to 

(jreatest    width   of   about   20<)   yards.  ,        ,-'         j   ,    .^   „'    ite    band    itself.      Onth- 

the  southeast,  striking  4tw,  .bout  the  CreCon  <  f  ^l'  "  ^^  "  inn.  diate  contact 
n„r,l.wes,  the  ro.k.s  adjoining  it  are  more  vaned.  b  '^J"^^;'^.  of  the  gabbro. 
.  ,.„..ra,ly  dionte.  Hoy<.d  tW  rock.  ;^l-\C%.::tn' L  down  Quickly 
,„..re  are  br.,ad  swamps,     lo  the  nor  h  "'   »''^  "  „.  ^,„i      ,..„„   ,,hist       Beyond 

.,.to  swan.py  ground,   and    is   Pr-.'ntl.v  cut  off  by       .at   .,      a  n  U.  ^^_^^_^   ^  __^^ 

the  mp  to  the  northwest   at   about  2.K.  >■»"':<-»■'   :'„„„:,,.   ,„   „.,   ..    part 

,,,,.,llel       The   granite   is   rathrr   tine-grained.    fl.^b-<  nloi,  ,1.    ...i.l    a,  i 

';        lat.  .  granit..   mass  observed   near   the  Mum.    -,.„.  le^   -•     L '■ 

V,    ,„      Krood    mine  or    No.    M   belonging   t„    the   Canadian   (opper    (  ompany,    th e 

,,  "k      ee.\bov.  tbc   low   ground   arout.d,   sbow.ng  an   eruptive  contact 

C.l.bro   n~.-  abo.it   IKI  feet    al.o^.    tn     >        ^  _^         ,<,vered   with  gossan 

.;,„   the  gravwack.  and  Hua-^^^ -'     :^;:  ^  '       1  llL  '  -ened  up  by  two  large  open 

"'"'   '"T"'::;;:  ";;:  ;:;'    s'     tnll'  i-  it.  ocurrcce  «.».  greatW  mi.ed  witf.  roH. 
pits  and  a  shaft,  nnil  tne  on    is         ^  „rivivicke     but   also  some   blocks 

,.  ,     .,„   ,he  southeast  side   of   the  widest    part   of   the  nonte   band,   and    • 

,  ,     „e  north     lows  tvpical   pyrrbotite-norite,   with  every  mixture  of 

small  open  pit  to  the  ""^th     1"^^     ;.,,.,„,1  all   across  the  band  to  lot   7,   where  anofier 

:.::;r.:;:s  d:r:::r::;::.  Of  a.^^^^^^^  -  ---:::  :t:^z 
:;:;-a.s:t.'^e^;::u::  s^r:;;:;  r::pi^ -.«^  ^- --^  --  -  -- 

,..„lts  do  not  seem  to  have  jt.stified  further  work.  ,,       ,  ,   „f 

Thi.  part  of   the  offset,    with   a  small  band  of   graywack.   to   the  ^^^^^^y^'^;;;^ 

-— -  *" '''  ":r'yrd  mi:e.";e;;r:::o;'br.:::;:  :,^:;.t'-  ..vend -ir;  very 
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narn  w  band  of  norito  or  of  (^D^saii-covrrtcl  iurfate  runs  )<ir  more  than  half  a  mile 
northeast,  with  a  narr(jw  htrip  ol  grocnstoiio  iiiixoU  with  grajwacku  beside  it,  and  a 
wider  band  of  graywackr  lictwein  it  and  the  range  of  granite  hills  referred  to  before 
as  beginning  at  .Murray  mine.  , 

About  half  wiy  between  the  I'rood  and  Stobie  mines  the  band  of  rusty  norite 
becomes  discontinuous,  and  beyond  this  there  are  only  patches  of  gossan-stained  sur- 
tac  1'  with  a  little  fine-grained  norite  entangled  in  graywacko  conglomerate  and  green- 
stone; the  ridge  sinking  into  the  swamp.  There  is  much  evidence  of  crushing  and 
shearing  along  this  lino,  which  must  indicate  a  plane  of  weakness  and  more  or  lc68 
faulting   througli  wh'ch  the  norite  could  intermittently  penetrate. 

There  is  a  gap  of  about  4(XJ  yards  between  the  last  undoubted  outcrop  of  norite 
and  the  gossan  hill  at  Stobie  which  rises  steeply  with  a  still  higher  point  of  greenstone 
just  to  the  south. 

The  Stobie  Mine 

Till'  .>t(pbii'  mine  was  one  of  the  earliest  discovered,  and  has  been  worked  more 
extensively  than  any  other  except  the  Creighton,  most  of  the  ore  having  been  taken 
from  great  open  pits,  though  there  are  also  underground  levels,  reaching  a  depth  of 
about  2.J0  feet.  The  ore  body  dips  at  an  angle  of  ti.j"  toward  the  west.  The  mine  has 
been  shut  down  since  1901,  and  the  pits  contain  much  water,  but  the  main  cavernous 
opening  with  it.'  stopes  and  irregular  projections  gives  an  impressive  idea  of  the  siie 
of  the  deposit,  which  is  said  to  be  far  from  exhausted,  though  more  than  400,000 
tons  have  been  taken  from  it. 

The  mine  is  at  the  foot  of  the  gossan-covered  hill  on  the  east  side,  and  the  en- 
closing rocks  are  of  various  kinds,  including  but  little  norite.  The  hill  top  shows  a 
number  of  small  patches  of  this  rock  with  more  or  loss  ore  embedded  in  a  mixture 
(i|  ^rei  II  sdiist,  hurnblende  porphyrite,  graywacke  and  crush  conglomerate,  as  if 
.sqiu'ezi  il  lip  througli  a  colander  from  beneath;  and  the  whole  hill,  which  is  -i'M)  yards 
in  length  from  east  to  west  and  half  as  wide,  is  more  or  less  gossan-covered,  making 
the  relationships  difficult  to  determine.  To  the  north  there  is  swamp,  to  the  west 
firaywacke,  to  the  south  green  schist  and  hornblende  porphyrite  rising  still  higher 
than  the  gossan  hill,  and  to  the  east  there  are  the  great  open  pit,  the  mine  buildings 
and  the  rock  dumps,  with  a  mixture  of  rocks  showing  between,  including  those  pre- 
viously mentioned,  and  also  a  patch  of  graywacke  conglomerate  undoubtedly  formed 
by  water,  since  the  well-rounded  pebbles  are  of  great  variety. 

The  openings  at  the  pits  show  mainly  graywacke,  hornblende  porphyrite  and 
grayish  srhi.sts  with  only  a  minimum  of  rather  fine-grained  norite.  The  only  other 
rock  observed  about  the  hill  is  a  small  patch  of  reddish  granite  on  the  south  slope, 
isolated  as  if  part  of  the  crush  conglomerate.  The  large  rock  dumps  consist  chiefly 
of  graywacke,  often  somewhat  granitic  or  dioritic  looking,  and  quartzito.  with  a  little 
gabbro  and  a  few  blocks  of  chloritic  o-  actinolitic  rock.  One  block  of  diorite  schist 
had  been  sheared  along  a  number  of  planes  which  are  now  gilded  with  films  of  .^ulphide. 
The  norite  i,n  the  dump  is  often  filled  with  shot-like  grains  of  ore  as  at  so  many  other 
mines  in  the  region. 

The  offset  has  not  been  traced  farther  to  the  northeast,  though  a  strip  of  swamp 
extending  towards  Blezard  may  conceal  an  extension  in  that  direction,  since  there  is 
considerable  disturbance  of  the  compass  there.  Where  the  swamp  ends  outcrops  of 
greenstone,  etc.,  bar  the  way  to  a  direct  connection  with  the  main  range.  It  may  be 
that  the  widest  part  of  the  band,  near  Frood  mine,  was  at  first  joined  to  the  basic 
edge  before  the  belt  of  granite  was  erupted  between  them. 

It  is  evident  that  this  offset  differs  from  all  the  others  in  having  non-isible  ron- 
ncction  with  a  funnel-like  bay  of  the  norite  edge.  From  the  map  it  will  be  seen  that 
thn  basic  edge  of  th«  eruptive  along  this  part  of  its  course  is  unusually  straight  with 
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(iiiM->  t(i  till'  iiij|lli»i>t  ratlicr  tliaii  tiniiinl-  tin-  oliMt .  The  hiisK  imIjjc  iiiiialli'l  to 
tills  (itt-it  contaiM.-  little  uri-,  iiikI  it  hct'iii^  nut  iiiipi'dliutilc  tli:it  tlii'i'i'  v^H^  a  s-iilitci- 
rani-aii  outlet  lot  tlic  iiri ,  wliuli  niacle  its  »ay  up  tlirou^^li  u  luii'  (it  sliiitteriiiK  cdi - 
I  ivpoiidiim  to  tlie  strike  ot  the  haiiij  ot  (^ravMaiUi'.  nhiili  ha.-i  the  iiMial  iiortlicast- 
Mint  Invest  trend 

'1  ho  roc  !<.■«  ailjoiiiiii^  thi'-  (lti^et  are  ot  e\ii  uorilniarv  variety,  imUidius  hoth 
sediments  and  oriiiitives  ol  interest.  The  trraywaike  so  often  mentioned  suinetinies 
■  riiitailis  well-rounded  pehhles  and  shows  eross-heddiniz.  It  merges  into  fine-grained 
iiiiei-.  Ill  -oiii.'  I'liiie-.  and  in  others  i^  (loHileil  with  iai;^e  white  p»i>iidiiiiiu  pli~  ili.i 
-iMoroiie  ot  a  \er\  -howy  i  liaraiter.  These  iry.-taU  :iie  ilteii  oriented  parallel  (■  one 
another,  loit  at  an  anple  with  the  Mhif-tos^e  striutuvi.  whiih  runs  about  oo"  to  Co" 
and  nnist  he  ol  later  date  than  the  staurolita-.  Otiier  parts  ol  the  uraywaeke  contain 
eoneretions  or  peMiles  ol  quartzite  Iroiii  tli<'  ^i/.e  ot  a  pea  to  that  of  an  orange,  the 
larger  ones  usually  having  an  eye  and  eyebrow  arrangeiiK'nt,  as  if  a  ereseent-shaped 
shell   had  .split  olf  and  separated   icselt   half  an   iii(  h    from   the   o\al   mass   in  tin"  middle. 

Along  wi'h  these  eiirious  roi  ks  there  are  smaller  hands  of  conglomerate  crowded 
with  pebbles  of  various  kinds  and  a  lew  Miiall  outciopx  el  gray  or  iiiire  whit" 
i|i:iir:/,ile  Hand,  and  Miiall  !•■  v-,.  ,,l  lionilileiid.'  porplisri'e  peii.ti.iie  \],.-.-  .ecliniriit  ~, 
.mil  ,!ii    '.^eiiirally  oriented  to  core-pond  with  the    strike. 

I'o  the  north  ot  Stobie  and  separating  it  from  tlie  main  nickel  range  then?  are 
rugged  liilU  mapped  a-  greenstones,  hut  really  (ontaining  a  singular  variety  of  rock.s. 
-U(  h  as  the  olih'r  norite  merging  into  greenstone  toward  the  north,  and  nuire  altered 
loi  k-  toward  the  -oiitli.  ottiii  nli.ii  ii|ipear-  to  I.e  liirrnl'leiide  -i  hi-t  crowded  with 
ulrle  liean-like  cpiaitzite  with  -liai|i  outlimv..  With  tle-e  occur  larger  white  -jk)'- 
with  a  darker  centre  and  even  c  imccntrically  arranged  orbicular  form-  wiUi  lighter 
and  darker  bells  ha\  iiig  a  <liiimetci  of  an  iiiih  or  tw,i.  Pillow  structure  of  an  indis- 
tinct   kind    I-    loiuid   ill    places   but    -carccly    amygdaloidal    as   near    KIsie. 

Northeastern  l:nil  of  Main  Range 

Mey.uid  lilezard  Mie  norite  contact  -ink-  beneath  the  swampv  borcler  ct  a  creek 
llowing  into  \\  hit.-on  lake,  and  when  it  reappear-  there  are  few  indications  of  ore 
until  the  Shi'ppard  or  Hnvis  mine  i-  reached  in  the  -outli  half  of  lot  I.  ccm  III.  oi 
Mle/.ard  township.  It  i-  -aid  by  Captain  McUriih'  thai  a  -haft  l~-ii  \f  i  clecp  wa- 
-iink  on  till-  property,  and  thai  (cry  rich  ore  wa-  oliianod  Iroiii  ii .  -oiiic>  a--(\-  run- 
ning a-  hmli  a-  I'.i  per  ccin.  ol  nickel.  The  urface  showing  i-  no'  prcuiii  ing  a-  to 
aincoint  c.t  ore.  but  the  -iilphide-  iiiclucle  a  drii-y  reticulate''  mineral  which  \wailiei- 
rapidlv.  perliap-  polydymite.  In  the  green  -clii-t  a  little  -outli  ol  the  ba-ic  edg.^  on 
I  111-  property  a  pit  has  ln>en  sunk  on  (|uartz  iciiitaining  -cuiie  copper  pv  ite-  and  mar- 
c  .a-itcv 

III  loi  I'J  of  (iai-oi!  just  adicrining  th(>  Sheppard  mine  the  file  ot  the  norite 
at:ain-t  gn  i  ii  alter<>d  cTiip'i\(-  i-  -chi-to-e  and  contain-  IraLrmeiit-  ol  the  acli'o 'iit 
loik   -hc>,arec|    out    into  -liort    narrow   band-. 

Within    the    town-hip    of    (Jar-on    the    ha-lc-    e'lge    run-    lo^arly    due    ea.-t    along    the 

-cMitheri,    -ide    of    cicn'e--i(Ui    ill.    and    the    width    of    tl ruptixe    graduallv    inerease- 

la  twnrd  Iroiii  two  aiul  a  third  to  three  nnd  a  half  mile-  at  the  rrvderman  niitnc 
On  thc^  line  between  lot-  II  and  1  "J  greriistone  is  found  a-  low  hill-  to  the  -oiith.  tlu> 
north  hcuindary  being  lost  under  -wanips;  hut  a  half  mile  ea-t  the  ccuitact  i-  found  a  third 
ol  a  mile  north  of  eon.  II.  just  beyond  the  line  between  in  and  11.  and  son'e  go-san 
and  ore  occur  in  a  pit  sunk  by  Malbeiif  ancl  Martin.  To  the  south  of  the  pit  there 
is  well-stratified  graywackc'  rising  as  low  hills  through  a  -urface  of  rolling  clav  on 
whit'li  -f rri.  r-  rt'r  t.~:;ing  up  farm-.  V.r^'f  n:  th:s  no  evidence  o:  fur  was  -^crn  Tint:: 
the  KirkwciocI  mine  was  reached  in  lot  8;  the  low  norite  hills  of  pale  gray  color  being 
-eparated    by    a    -trip    of    -wainp    from    green-tones.    sometime-    snrlace    la\ri    flows    with 
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.,„..,lalo„l.  and  p.ll.w  structure.      Ne.th.T  rock   for,,.  lulU  „f  „.„..,   ........   -.-  non,. 

<,,„.-.zln-   oi    tl».    nont..    a.ul    .t>    ,.-a.r:in-..m..Mt    u,   a    ~,.,u.«l,a 
r.Kk  wliuli  IS  not  easily   weathered. 

;;::  ;L   K.         .d  to  t,.  Cryder.an   ..ne  t..e   actual   conUa    o,  ^   ;;      -'•^_^- 

„  hard  to  io.low  o      -g  t.  dr.lt  and  «ood..d  country,  -n.t   >n  .,•■>.■  .1     h        -u 
,„„   ,ar  to  th.  no,th  of  the   Huron.an,  the  od.e  ''■"i;;;"^:;::^],::::;'^^..,^ 
,„..,son-.t.».rMd..     ■n-.-'''->;*»'-;'-'7;;'';''',:''  ,:::^    „Hh   tho   mor. 

hardly   bo   r.-cORnucd   as    the    nuk.l-.ruptive     hnt    lor    "^  ^•"'  "        . 
,.Kara;,..r.„c   rock  to  t.,e  southwest  and   Us  -■''7^'"''  « '    V'^  ,;7,tn,,..te   .s   largely 
Half  a  n,..e  oast  of  the  K.rkwood   property  the  ^J,  ^;    \   , '\    '':       .'.tr  ned   con- 
.,    .^u^h   con«.on,erate   of    c.uartz.te    and    graywack...   some   Land, 

" r;;.:T;r:;;Lr:,:;:;^;;r;:":.rti:',J.':i.... ^  ■ ,  ■"■ ;'  --:; 

„.alt,  .(  which   .,,  ~.t   .v.,l.hl...   .«J   .U.. ..I   .1""   ";'«-    ;     »     ''™„"";J':L 

0„..r,J  ,..Hlo  h..   »  V.,;  fr„g..l.r  i...r„i,   .«...i.,   S""- "f   •:'",";'„„, 

'"  ''i;:;r:;i*;io"*::' -,:-";:"  :';2  ».  c  .h=  „a.,  ...h  «„„  .h„.. .. 

:u:::::;'z'';::.:r;hr'ijr:r:;:«:7:"i-.-,;;; 

„,,„■„«"...,.  ,h=  l,W.,J  ..»->■,  .h.  ..u.h„n  P.r.  ..  - h  -..    »'"-'• 

to  tho  acid  edge. 

In   the   townsh.p  of   Falcnbridge.   lot  7,   con.    IV,  the  l,aMC   .hIko  turn«   north   and 
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Acid  Hd);e  in  Blezard  and  (iarson 

i\fter  swinKJiig  from  nearly  nurth  at  Azilda  to  marly  fast  wliirc  leaving  tho  town- 
ship of  Kay-nIi'.  ll.o  aiid  i'ijj;i>  runs  in  a'jout  tlit-  saiiiu  diri'ition  through  toucwiion 
IV  of  Mli'zard  to  tho  nortlmcit  liay  ot  Whit.son  lake,  ^'.nt»'rin^;  lIKzard  towiuihip  th') 
sharp  lulls  of  tho  acid  edur  sink  into  swamp  bcloro  tho  contact  with  tho  Trout  lake 
CMnnlonuTati',  lint  a  littli'  to  the  oast  tho  nu'itiii;;  iif  tlu'  two  roiks  is  well  slioivn  on 
tho  hilly  ro;iion  southoaM  oi  tho  Hat  farm  land  of  lllozard  valloy.  The  conglomerate 
hero  is  wido  and  characton^tic,  tho  odno  no\t  tho  ernptne  hoinn  Khi.stoso  and  con- 
taining lartjf  granite  boulders;  the  next  layer  to  tho  nortl.west  is  a  conglomerate  or 
breccia  crowde<l  with  rounded  or  angular  pchbles  of  several  kinds  of  rcxk  ;  after  which 
come  softer  tuffa  with  (lattencd  pebbles  sinking  toward  tho  plain.  The  acid  edge  is 
no  longor  schistose,  as  noar  Azilda,  but  has  the  normal  granitic  look. 

'I'll  the  pa.sl  tho  a(  id  o(l);o  follows  low  ground  usually,  rutting  two  t^mall  lakes  in 
lots  9  and  11,  and  then  turning  a  little  northeast  to  Whitson  lake,  whoro  the  eruptive 
is  grayish  and  soliistoso,  a.s  was  mentioned  in  describing  tho  section  of  tho  eruptive 
from  lllozard  mine  to  \\  hitson  lake.  Tho  conglomorato  is  hero  very  narrow,  only  a  few 
pacoh  wido,  and  it  as  well  as  tho  tuff  beyond  it  is  very  schistose.  Similar  relationa  are 
found  on  the  northeast  siilo  of  tho  lake,  whore  tho  contact  passes  about  a  quarter  of 
a  milo  from  tho  outlet  into  Chelmsford  creek.  The  eruptive  i.s  pale  gray  with  a  fint;o 
of  flesh  color  <iii  weathered  surfaces,  but  darker  gray  on  fresh  ones,  and  is  distinctly 
tchittose  like   the  few   feet  of  conglomerate  next   to   it. 

K.ist  of  Whitson  lake  conditions  are  much  tho  same  as  far  as  tho  ea.stern  side  of 
niozjird  township,  tlie  edge  crossing  into  Garson  township  about  a  third  of  a  mile  south 
of  the  VI  concession  in  very  ^wampy  country,  which  continues  half  a  milo  beyond. 
Tho  acid  edge  turns  soniewhat  north,  entering  the  VI  concession  in  lot  8,  and  then 
oast  ncain  .nrro.s  tho  middle  't  tlii>  conresiiion  nlmotl  until  it  roaelios  the  northeast 
corner  of  tho  township.  Tho  aci<i  edge  and  conglomerate  with  part  of  the  tuffs  form 
a  stoi  p  cast  and  west  range  of  hills  with  many  swampy  tracts  to  the  north. 

About  half  way  across  tho  t.iwnship  tho  eruptive  rises  as  a  cliff,  reddish  in  color, 
folsitic  in  texture  and  penetrated  by  many  small  quartz  veins.  On  lot  i  tho  acid  edge 
is  grayish  and  schistose  with  a  wide  band  of  schist  conglomerate  to  the  north,  having 
a  strike  of  V^'y",  and  along  tho  road  from  Blezard  valley  to  Hoad<iuarters  it  rises  as 
a  stoop  hill  from  a  gravel  plain,  formed  of  fine-grained  reddish  graniti  with  a  slight 
schistose  structure  running  llOO  Hero  there  is  a  gap  of  half  a  milo  whore  no  ro;  k 
rises  above  tho  gravel. 

•lust  within  tho  southwest  corner  of  .Maclennan  township  there  is  a  small  outcrop 
of  rock  at  the  a<  iil  edge  where  tho  old  railway  grade  ends  in  a  glacial  kettle  mostly 
surrounded  with  sand  and  gravel.  The  acid  edge  hero  is  schistose  with  a  strike  of 
110"  I  1200.  and  next  to  it  is  the  ordinary  schist  conglomerate,  followed  to  the  north 
by  a  ridge  of  tuff.  To  the  east  of  this  a  gravel  plain  and  morainic  ridges  hide  the 
solid  rock  for  a  long  distance;  but  the  acid  edge  must  turn  sharply  north  or  northeast, 
since  it  is  next  found  in  lot  3,  con.  III.  of  Capreol  on  tho  northern  range. 

THE     NORTHERN     NICKEL     RANGE 
Introduction 

The  northern  nickel  ranges,  as  known  to  the  prospector,  were  not  continuous,  but 
had  large  breaks  where  no  gossan  or  ore  deposits  had  been  found,  as  in  Morgan  town- 
ship and  near  Windy  lake;  so  that  it  required  careful  geological  exploration  to  follow 
up  the  band  of  nickel-bearing  eruptive  and  fill  in  tho  gaps.  This  has  succeeded  so  well 
that  the  northern  and  .southern  ranges  have  been  proved  to  connect  at  thie  ends 
without  a  break,  unless,  very  improbably,  there  should  bo  an  interniption  beneath 
the  sand  and  gravel  plains  of  Capreol  and  Maclennan,  where  direct  evidence  is  lacking 
for  two  or  three  miles. 
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The  ba*ic  edKo  of  the  nickel  ornptive  ha.,  of  curM.,  1,...,,  fnllowod  w.th  vp.-cml  oar.. 
bo<ause  of  .tn  economic  importance  «.  th«  bearer  of  ore  dopos.t,,  but  the  ac.J  e.lce 
hrbe!.n  stu.lied  in  some  de.ail  also,  since  the  width  of  the  eruptne  ha«  b-on  found 
Jo  h.ran  important  bearing  on  the  probable  occrr-nce  of  ore  od,e.  a  v-rv  n.rrov 
part  of  the  range  seldom  shoainu  any  ^..^san  and  never  ore  bodies  of  workable  M.e. 
Thil  verj  w.de  parts  are  almost  invariably  acoon,panied  by  ore  deposits  of  .mportance. 
In  the  older  maps  the  northern  nickel  rang,  was  represented  as  fork,n«  »''""^  |'"_; 
middle  of  Bowell  township,  one  band  running  w..t  to  the  m,dd  o  o  I'oy  and  1..  o t^ 
southwe^t  towar,l  Morgan  town.bip  Which  of  tbe.e  non.e  bands  forn.ed  tb.>  ba  u 
edi,  of  tbo  ran.e  was  uncorta.n  unt.l  our  work  prov.d  -hat  the  southwestern  one 
join,  the  range  already  known  in  I.evack  township. 

The  northern  range  as  Kere  described  will  be  considered  to  include  everything  north 
of  the  Sultana  mine  in  Tr.U  at  the  w™,  end,  and  of  Kal.onbr.dge  at  the  east  ^ 
of  the  eruptue  basin;  and  the  work  wll  be  taken  up  at  the  western  end,  follow.- g 
tie  range  eastwards.  The  northern  range  as  thus  defined  has  an  .rregu lar  northward 
cirve  i's  bas,e  .dge  is  o4  n.le.s  long;  while  the  basic  edge  of  ,b.  -•;'-";;"«;.;; 
onlv  40  miles  long,  the  doubtful  part  where  the  gravel  plams  cover  the  ro. k  be  ng 
onutted  from  both.  The  relative  importance  of  the  two  ranges  .s  however  very  d.flor.nt, 
since  the  northern  range  is  on  the  average  n.ucb   narr.nver  than  the  southern  one. 

The  Nickel  RanKC  in  Trill 

Rounding  the  bend  made  by  the  basic  edge  of  the  nickcl-bearing  "^"■"-'^  ''l;^ 
th.n  .  mile  west  of  Sultana  mine  the  actual  contact  .s  lost  under  .wampy  tracts, 
hough  the  acid  edge  i«  well  defined  to  the  northeast,  and  the  Laurent.an  w.  h  some 
pat  hes  o' greenstone  occur,  to  the  southwest  and  we.t.  An  od  wagon  road  who  e 
cord-oy  is  alm..t  rotted  away  follows  the  edge  somewhat  close  y,  hav.ng  been  made 
by  prospectors  who  did  some  development  work  years  ago  on  locations  taken  up  to 
the  north. 

Trillabelle  Mine 
In  the  third  concession  on  the  lino  between  lots  10  and  U  of  Trill  there  us  a  fairly 
well  beaten  trail  or  portage  running  east  and  west  connecting  with  a  canoe  route  east- 
Ta  ds  U.  Fairbank  and  Vermilion  lakes;  and  here  just  to  the  west  of  the  old  wagon 
road  granite  of  a  Laurentian  aspect  rises  as  a  rocky  hill  above  the  swamp  so  u  ual 
at  the  basic  edge  of  the  nickel-bearing  eruptive.  Next  to  this,  going  north,  is  a  Jark- 
green  rock  containing  some  bouIder«,  evidently  a  Huron.an  conglomerate  or  breccia 
and  against  it  ore  is  to  be  seen.  Half  a  mile  farther  north  th.  wagon  --1  -ds  at 
the  m'ne  called  by  our  guide  the  Gillespie,  but  in  the  Bureau  of  Mines  report  the 
Trillabelle,  where  a  considerable  amount  of  work  was  done  many  year,  ago. 

Here  and  170  paces  beyond  are  a  few  foundations  of  ^t^""'  ■;7»'"'  °^''  ''°f  °« 
plant  and  var-ious  log  houses;  and  ore  or  gossan  against  the  hill  which  rises  to  the 
welt  The  rock  observed  is  mainly  greenstone  with  boulders  suggesting  a  crush  con- 
g!on.crate,  though  a  gray  finegrained  rock  near  the  northern  pits  may  ^o  """te  Th^ 
dip  of  th^  rock  face  against  which  the  ore  lies  at  the  points  previously  ment.oned 
is  from  35<»  to  iH"  to  the  east.  ,  u 

Half  a  mile  north  morainic  hills  conceal  the  bed  rock  and  the  ne,  o-t-p  ^^ 
served  is  probably  the  basic  eruptive  edge,  the  rocks  higher  up  the  h.ll  to  the  west 
being  bouldery  greenstones  like  those  mentioned   before. 

For  a  distance  of  5.50  pac«  east  of  the  line  between  lot«  10  and  U  and  n««.  the 
^,M^1„  of  the  fourth  concession  the  rocks  observed  are  a  somewhat  ,e-,  rwtalh/.ed 
Si  :IJo:2b..J.I  and  bevond  this  only  bouldery  drift  is  seen  for  200  paces, 
probably  covering  the  basic  edge  of  the  nickel-bearing  eruptive,  which  here  r.sea  .rom 
under  the  drift. 
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I,,   il,..   i|,   ,,|    tl,..   I. ,11. Ill   M,i,c.--i(.ri    ill.'    Iii-M     .••!,.■    I     hi.l.l.ri    IS    «i.|.-   -vaii,|.-, 

,|,,,ut;li   il    I,    I "M    t.i   run    t,,    ilir   i^i-t    cif    .\rlll^I  loni;    lak.'   hIi.i.'    I i.titian   t;rttiiiU. 

ii(i|i-   oiil  .    iiii.l    til..   .'XiKt    »..!«.■   Iia,   n..l    I m    mm!.. I    in    Lit    ^    in    lli-    I    ...M..'>>njM    ..t 

Ciu-.a.l.'Ii,   tli..ii«li    ImM!    l....kin«    ii..rit..   ...■.ni-    t-   tl ^'-t    "I    .i   iian...i    lak.'   » Inch  .•Mt^ 

,,||    a ti,   ;,    lu,.,t.,,M    tak.'ii    up    val.-    ai;..    ..n    tli.-   ■.li|..-it.'    -nl..  ..I    tli.-    Ial>.-,    sai.l    t.. 

,,,r,iain   ..i.-        Mi.-    ii'iill,    rn    arm    ni    tins    lak.-    n,aik-    tl...    l...un.|aM     l..l».-.'n    tli..    n..rit.. 
,„„1    l.aui.iitiaii    i.i.  k-    ...n-;  tiim    -I    mi'i-    ■'"■i    -  r .  .n-^.n.^        I'lun,    tin.     [...nil    to    tli- 

n„rtl„.a-t   Hi..    La-i.    ..I::-   .~  n..,.t    -a., Is    ,..i.  I,.-,1   '.x    ..    Mail    li 1 1..-   -..i.tl,«.-t    l,ay   ,,| 

\Viii.|>     lak.',    ulii.  Il    inns    laii;.  I>     ..\.-r    .Irilt     .l.|.u,-il~    in.lu.lmn    a    ni.,iain.',    Init     i;n.- 
a(  icss  to  out.  ii.|i~   III    I  "  k 

Th.'    Iiavi.-  .lit;.'   i>    ii.'aily   Miaiulii    Iroiii    tin-    point    in    a    nnrtli.-a-t.i  1>    ilii.rtiuii    t., 

tlio    l,a.v    just    iilioM«..l,   iin.l    on    Wiridv    lak.^    itvli    tli..    nortli«.-st    -lior...    wlicro    i...t 

, lliff -.•.".;.  n, I.    i~    I.aiir.Mitlan    ..I    'li.-    u-ual    Kiiol    in    tl...    i..M.,n,    -i-iin.:    ..1    i.    1. 1:   li     ■ 

Urayish   baii.L-  with   darker   ^ray    lay.i-   ..l    Im.  i    .41  nn.'.l    mIh-i.      ill..    i~lan.l-   .,11     li 

and   till.  Uryc  pi'iuiiMila   projctmi:   li..ni    that    -l,..i..   ai ni.nt...      (»n    tl...    p..|iin-iil  1 

til..  I.oiindaiv   i-   lar^'ly  liiddon   l.y   in..iaini.    an.l   .-k..r    ml.;...'.   Lot    it    i.   .ii--tiiutly   ^..n 

on    till-  slior.'.  .,1    th..   s..iitli«...t    i.ay        11...    i.-t    ..I    tli..  .-li -    ..I    tin-    iM.aiifilul    lak.-  ai.. 

of  11. int..  or  till'   int<rin..lial.>   t...k    l,..lu...i'    tli,.   I,a-i|.   and   acid  pliast*. 

Till.  b..-t  .si.,tion  ..1  til.  iii.k.l  iMiiiirz  .ini.ii..  1-  ;.i.iW.l'..l  1'^  tl„.  imIa..^ 
.MittiiiKh  to  til,,  v.u  an.l  ..a-i  ..I  tli.'  Iittl,-  station  Onapinv;,  an.l  a  niiiiil».r  ol  1...  k 
^p,.<  iiii<'li>,   tr..Mi    th..^.-  .iiltinn^    lia\,'    I,,,. 11    .|..v.  1  il.id   l,y    I'l.it.    Walker,--" 

Hc'KiliniliK  on   tlie  ■th\ie>t   mar   W  iii.iv    l.aki.   ..tatn.ii.    ulii.li    i.-^  ■-.iine  .livtalice  u.-l 

of  til,,   lake,   I.aiir.iitiaii   ^raiiitf  aii.l   izn.  l^.-  «itli,  .laik.r  Mlii-t..^'   in.  liision-   an-   L.nn.l 

, I   the  sli..ie   .It    th.'   lake    i~    r.-a.  he.l     vvli.n   -ray    .Ih.Mt  K.-lookiiij:    n.irii..   ,„.  ur-.    th.. 

a.tnal   ...iitail    li..u .  v..r  h.-iiiL;    hi. 1. 1. .11    l.\    .liili        'I'll.'    i.'.k    i..niain-    th..    -inn-    ;ii    ::!.■.. .1-' 

,,li,,.   1,,,.    Il.ll  y.T.I-.    l.nl    - li.iliL...-    '.i   a    l,..l.ll-ll    -vnitl.     |.li;.    ."I    1      ■  ■  r 

wluih   (Olitiinit*  to  Una). inn  station,  anil   is   follmvod  toward   th.-  southeast    hy   j;reeiii.>h 
(jray   rork  having   a   peeiiliar   ..pliitii   lookins  striieturo.      The  eolor   and  lieiieral   appear 

an....   1.1    the  .iiiptiv..    at    tli.'    .11. 1-    ..I    tlii<    ^..-tion    ar.'    1 h    alike,    hot    lli.'    iiit.rv  .irn'; 

phase  of  tlpsli-red   syenito-lookiiiR  rock   is   very  dilFerent. 

The  acid  ed^e  of  the  ernpti\e  ri.M'^  as  very  steep  liilU  to  a  lieinht  of  3ti(l  feet  ahov 
the  station,  and  the  railway  is  h.ried  to  foll.iw  the  valley  of  Onapmc  river  in  a  sharp 
iiirve  in  order  to  1  ri>ss  the  rantze  of  hills.  Tlie  soiitlieast  side  of  ttiese  hills  consists 
of  har.leiied  ,~..ilinients,  at  lii-t  nray,  tine -grained  .rraywaeke  i.iiitlonierate  with  pebhl.'s 
an.l  a  few  lioiild..r~  of  .(iiartzit..  anil  iiiaiiit...  an.l  sonietiiiies  also  of  ..;rav  ill. it.  .■\t..|.l 
in«  al.nii:  til.-  railway  tor  al..)iit  l.tmn  f.H't  ;  and  followed  hy  iharaetoristic  black 
vitrophyre   tuff,   ott.'ii   iroHiLil   witli    small    fra^ni.'nts  <>t    f;ray    material. 

Acid   Rdjte.  Ross  Lake  to  Windy   Lake 

T'lie  nickel  eri'pti\e  tiradiially  w  id.. lis  frnni  the  nirtliward  heiid  to  the  ninth. 'rii 
part  .)f  the  t<, unship  ol  Trill,  and  then  iiarrou-  -lightly  as  it  api.r.iaeh.'s  Windy  lak... 
The  acid  edi;.'  near  l(..ss  lake  is  line-iirain...!.  i^ray  .uid  not  (-chistof.e.  in'  to  th,' 
northeast  it  l..roines  dark  Kiceii  and  schistiK-e.  as  on  Kairbank  lake  which  has  already 
be<.n  described  The  .  .in'.:lonii.rate  is  not  v.'ry  promini'iit  aloiiR  this  part  ot  the  con- 
tact,  the  tuffs  .■.iinii.c   I  l..se    t,.   the    ai  id    e.Itte.    if    not    actually   toucliiiif:    it. 

Alons  the  acid  eil'.;i'  in  Casiaiien  die  noiite  is  not  s.  histose  and  is  paler  gray  in 
color   than   at   the    pri.w.nis   I.nality,    sometimes  slijihtly    reddibli.      Th..   i  oiiKl.iinerate    1- 

much    more   pr.>in iit    h.r.'.   at    the  very   edne    '    -kini;   like   I.aurentian.    a   finc-Krained 

confused  cneissoid  rock  with  .Darser  patches  in  it,  representing  granite  boulders, 
coming  first,  followed  by  less  nietaniorpli(»-e.l  rock  looking  lik,'  Uuroniaii  .onglomerate, 
uilh  p.'bbles  and  hoiiiJrrs  of  ;;ranitc.  .-ic.  N'.-\t  .•■••:—  1  srsy.s.,  v.-.ry  f;:...- grnmc. 
rock,   lilte  some  graywackes.   more  concloni.'rate  or   breccia,  and  finally  the  tuff. 

reQnar.  Jour.   Geol.   8fC.,  Vol.  Mil  (1£97),  pp.   5(-59. 
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v.. la,-. ■,.,.,. i^ '"-'-    '••'"    "•""',  ":l)n:t 

;;„;,...„   ..... ,uUn,.U.,U,..   .1 r,....      T.,..   ,a,l .-. "- 

,„.,„|.   vlM.«>   a   «'a>-r  »■ '-1   ..!>..    ..,.1    l,..l,.  ,  u„^l..,„..ra... 

.„  p.n..,al  ,.m.  n,ay   -»>    -,1  ...    -I.-  1.,- ..■  .■!  •  ■'-    '^   '""]'' X;;::'\Z 

•^  ,         .,       ,,„„|, ,.,,,.    J-    Hi,l,.    an. I   ...iitaii.-    ....... v    >;i..i.it..    l.o.ilil.T- ,    aiKI 

-";•■":';;"  :':;;:;„     :c.an.:l.,..,. u. .- .'•^•■v'""^ 

::;;;;,;r'i-.r;,:u..- ..,,,,.,■,.,,,. ,,.,.. , ., m.,. .....u.ter 


,v     |)i.     |)al.\    -    ..MThiill.!    -I"|.II.U 


All. I  Kni|ili\<'    \Vi.i.l>   l.ak.. 


„,   „,'!,.    :„    ,    p„.nt.   o,.    .1...    a,„i    ...L...   ...    '. ■"    ran...    .l.-r-,...!    ...    carl.or 

il.aptcrf 

Levack  Ore  Deposits 

1-  i>-       1      I    1      .1..   I  ..,1.    .ilir,.  ni.n    Kf  tia.|..l,    "I'l.  -..n.|.   i.it«T.'iip- 
,.o..,  fron.  «ru...  „.a.,.    t„  '''-;;:^^^^X'^\Z1  ..,».,.,-,.    T.,..  ,.1.1  mining 

ri.'ul  from  ()nal>  im  ti)  tic  I.i.\a(k   oro  (tt.]...-.'-   '^   i'""    '" 

.vv  team   .;...'.,..  I....,...,-, ..p-at.,,.  ...   -...■  .-u,..,..  al-„  ,n,„.  «"«><'"«.  d- 

to  the.r   da„.f .,„   ,..o   h.U..   .n....d..d  to  .w.-,.  ...,«.,   ,1,..   1...^    -.   tl,..  ........vhat  shallow 

nv  r     nd   ..^  .n....ta,v   .r.^ks.      A    d.a„„.,.,l   d..ll    pl ;   tak..,,    a.,..,,   t    ..    road   to 

panv     h...    ....-    ,h.li...l..-^    '    ",    .ran.p..,-..n^:   .!..■    ...av^     ...a.  ...n,,  >     ».■.■    wry    ^r.  ar 

The  roac^  l..ad.  a-     .«  .h-  -.r  „.,„,  tl„.  ^tat.,..,   i.,r  a.„...t  •.';,   nuU*.   lar^-ly  over  Rravol 

Sul,.,.  alon.  ..>...   ...   a   r.u,.  ...    ..a.,.-..n,.an    Mil-    L.^t  attho  ,nar«.n   o.  t.,.. 

„„.-i.,..      Tl...   ar.i.al    niai-.n    .-    ...'■..   ......p.-"    ">    -'"^"       a...  ,.   .>.    ...  ^.._..  _ 

,     ,  ,  11,     .1,^,,    .1...    I'vinm.      an.      -.t    ~..M.ra     points    wlifrc  the 

noritc  had   decaycl   i....ri'    .apnllN    than    t...    i.i.ini"  ■  i' 

.">M      III) 
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null''-  -till  ii-i->  al"ni  '111-  i^ihi'i.il  li'iil  It  1  iiijit  vM  iitliii  iii'4  lAt  I  I'iiiliii.ii  il>  tii»t, 
Ttii'  I..' -I  in  1.1  111  !■  1.  Ill  ill  till-  (l:iiii  .it  till-  iiH.utli  i.t  llii  1  II  ik  ill, 11  Til  ,.z  Mil...,  Inke  iiitc 
till'  ()iiii|iiii|.',  hIiiii'  till'  -|i)irriii<liil  wcutliriiiii;  i-  i>l  ii  m  r>  i  Inn  ;ii  lii  i-t  h  kiii'l  llio 
link,  uhiili  I-  niiiy  ami  i  nui'-i' uniliii'il.  is  irii'^iilat  l\  li->iiml  mln  Mm  k-  liniii  '.'  nr 
'A  Id  'Jii  tilt  ac  rii>-  I  lif  uiiil  In  t  iiiu  tak^^>  |ilari'  alniif  tin'  li--iiri^,  Iriniii'^  iiidiiiiiI- 
sliapi'il  j.iiilairs  Mitli  1  liaiiiii'U  litHi'iii.  itinl  iiiii\  ^n  mi  tar  a>  t.,  Ii.iw  rniitnli'il  liliirks 
II  M'tiililiiii;  iliilt  liiiiililii^  tin;:  nil  till  ilrravi'd  Miilaii'.  uiili  inalriMil  likr  tine  craul 
lii'iiiatli    till-    Mm  k.    irpri-i  iitiiiy    till'   iiriMlmt'.   i>l    i|i'ia\  In    many    <  um'.i    tin;   aitiinl 

iiiar^iii  III  till'  iiiiiiti'  IS  iiiil  til  111'  -ii'ii.  Ii'it  l.aiiri'iit  laii  imk  i  i.-i'>  tii  t  lir  nnrt  liui"'t  nut 
ot    a   laki'  111    -iMitii|i.   ami    miriti'  to   tin*    -uiiiliia^t 

.Mitnit  tiiiir  mill"-  tinm  thiapiii^  alimu  tin'  tnail  |ii-t  tiiiii' niin  il  tlii,  k  l>i  li^  nt  ^nssaii 
IjiiiH  ai;aiii-l  tin'  l.aiii'i'tit  lan  attiail  atliiitmn  at  tin'  Tmi^li  ami  .•stuliii'  |iri>|irrtv  ami 
tr^t  pit-  ^llll»  tliat  viiiiii'  iiii'  iiinlii  III'-  it,  tliiiii'.;li  im  miiiii'  I-  tii  In'  viin  TIm-  I.aiir- 
I'litiaii  1-  111  till'  kinit  it>ti.il  in  tin-  ii"_;n>fi  v^iaiiifi'  tiitinmu  intn  L'tii'i---  ami  irrratlv 
IlilM'il  uitli  titii'  ^t  aini'il  ^1 1'i'li-tiiiii' .  atiil  tlii'  iiii-.  wlinh  inii-l-t-  nl  [i\  i  ilint  ii  i- .  u  itli  ik 
liHIi'  rlial' ii|ni  111',  ^ink-  liiinatli  tlii'  .iiilaii'  iil  tlii'  iiiii.\i';  tlinni-ili  vlinli  tin'  i  ri'i'k 
ttinil- 


'^^'ISiS 

• 

ft  i^^^^^^^^^^^^Kn 

i. 

K-'^ 

ji 

^vl^ 

mrW'' 

ft                'i^«*«^ 

Watiii.ill  miT  i.'iii'i—  Mi'j'i  iiH  tnaiiini:. 

'I'lic  uiiilrrlviti;.:  I.aiiii'niiaii  ili|iv  .'Cf^  In  tin-  Mint lira^t .  aii.l  a  litilf  |iri>;i'(  tiiiii  of 
luck  mar  tin'  ti>li  nl  tin'  '-li.pi'  -iiin^  to  I'an-  pinti'iti'il  tin'  mi'  Ininal  li,  h  lui  li  i.s  now 
howi'viT  lar^i'ly  tuiiiril  In  misMiii.  A  lull  nl  mniti'  i  i.-i's  a  i|iiaiti'r  nt  a  intli'  aw.iy  lifyouil 
the  iini-ki'H,   lint   innii'  n(  tin-  rm  k    i-    In  In'  -nii    wlnir  ilic  stripping;  has   liecii  done. 

I.css  tliuii  halt  n  Iiiili'  taithiT  almii;  tin'  I'liHil  tlii'ii'  i^  amitln'i-  imtcnip  iif  f;nssan 
Biitl  ori'  liki'  the  tirst  one.  Init  with  a  Imur  hill  nt  Lannniian  nii  tlw  iiortlnvt-st  and 
a  ni:;i;l  iakr  ;::;  x'f.v  ;it:;i'r  :  ;::r.  A  !::t!t'  !i'\:::;;i  ii:;  ;;i!.r  ;hr:i'  i:-.  :i  ;;;ip  ;ri  thu  Lauren 
tiaii  hills.  sii^fji'^tiiiK  all  ntf^i't.  and  it  i~  said  that  an  nn'  Innly  has  Iniii  found  some 
(listamc  out  in  tin-  uraiiitc.  hut  wi'  loiind  m>  trail  to  it.  and  left  it  iim  isilnl.  Ilpyond 
.'il   M     (III  ) 
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„,„  »,.l...r..nt  oir^.t  .l..r.  .s    U,.-.    .„u,«>ual   l«k.-    ..,.-1  •  hw,   M„.  ...ut.  ,,«^..s   ., rough 

U,^   lull  ...  «hat  *.»  once  v.il.<l  ....,  .,    ^ack   .,..„.■     ...  LU   1   .     1  '.•   ■■.  U,..    .....r.b  .o,.- 

Jl.ro  l«..  ,.ro,,..rt..-.,  the  Strati..-,:..  ...a  the  Mob.o  N  J.  ...•  !«.»:  '■'■^■•'\"'  ' 
have  iK....  opcua  up  hy  s.r.pp.n«  o,.d  te.t  pits.  ..nd  h-.e  he..,,  ...r^....!  „...«na.c»lly 
■t>«  show.,   by   the  iijstoi.iut .cully  HfiHUij.'d   survey    pi-e». 

Strathcuna  Mine 

Mr,    Krnst    A,    Sj.«t..dt,    who   ,.x«..,...ed    th..    S.ra.h....,,,    ,,r..p.Tty    .-    ......     ..,.■.. 

"""';;:  l:::^::::  run.  d.a«o,.al.y   N.    K.   a.,d  S,    W.  .....  the  ........  b..f  oM.^ 

3  ar.d  «o,..l.  hah  o.  lot  4  .n  the  ...urth  cnu-^.m  oi   I.evack  towr.^h.p,  ...d  u  Ik>u.  d.d 

Ll  ahzed  .one  throughout  the  Sud-  ,.ry  d..tr..t  Th..  r^.^t  bo.ly  of  °-  ;;;^-" 
at  the  northeast  end  of  lot  3,  although  the  l.no  of  ...ag...  .c  attracU.,„  '  P  -''^»  > 
cont.nuou,  acro»  both  lot.,  and  oro  .»  «hown  at  var.oUH  p..,..U  ,...  lot  4  as  -•'  J^"; 
th..  northeast  end  of  lot  3  the  pr.ncipal  pro^poct.ng  work  ha«  been  lone.  »  space  ol 
3'";  4  actrh.::,g  been  cleared  of  t.n.ber  and  underbr..sh  ».,.!  '"  P''"- ^  ';;;;--,'";: 
stripped,  expos.ng  the  capp.ng  and  go^sa...  .  ch  generally  re.,  he.  a  depth  of  3  to 
TiZ       l-arfof  the  or.-   bodv  .   her.-  >h,.w>,    „,.   by    a  nu„.b..r    ...     .u.^    ..hI     P--     aU 

hv    .wo   sha  tH     of    which    No     1    "haft    is  4.-,    I   deep,    parsing    6   foot    thr.,..gh    barr-.. 

X^W^en  U:r.:^h  2.  foot  of   ..u.ed  ore.  .h.-n  through   l.fo.  -   o.^  ......  pyrrhot.,e 

a„d  a    l..-foot  .....0    having    bow,      ir.l.od     .n    -h-    .K.tt..,,.     '>'    ''-/'if  ;,  i,"",^',"  j^"" 

ore  the  entire  duitance.     No.  2  shaft  (S'fl  feet  north  of  shaft  No.   1)   .»  30   feet   deep, 

5  feet  being  in  cap  rock  and  24  in  solid  pyrrhotite. 

6  feet  »^e-„g    n      p^^  ^^^^^  ^^  ^^^^^  ^^    ^^^  ^^^  ^.^  ^  ^^^  ^  ^,      , 

ore  within  2  feet  of  the  surface,  and  trench  C.  along  a  low  h.ll.s.do  about  .....Iway 
between  pit  A  and  shaft  No.  2.  shows  a  face  of  ore  r^  feet  long  .n  the  contre  of  wh.ch 
A  nit  was  sunk  through  12  feet  of  colid  ore. 

'  '.From  the  data  furnished  by  the  above  n-ntioned  pits  and  shafU  covenng  an 
are.  of  about  600  feet  in  length  and  width,  the  amount  of  ore  in  e.ght  on  lot  3  « 
ZZ  60,000  tons,  but  this  include,  an  area  of  less  than  a  tenth  of  the  ^^^^^tZ^^t 
by  equally  promising  surface  indications,  consequently  f.ere  .s  every  rea«>n  to  expect 
a  m^ch  larger  body  The  ore  exists  mainly  in  solid  masse,  within  a  zone  of  200  to 
fym  feet  wide    and  some  1,400  feet  long.  ^-        ■, 

F^lJing  are  a  number  of  analyses  of  samples  taVen  from   the  above  ment.oned 
workings,  which  will  show  the  character  of  the  ore." 
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Siilnplir. 


|i  c.  S.hiilir. 

^Iiiill  N".  l.''f.-''t  fr""i '"'''""i   ^■    V    .j.,»ti.ll 
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2.  from  iliiiiii' 
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|iie.-.'(riim  .lump  

I'll  A.  r.iirfaie 

"    H.  ^iirfa.'P " 

■■    II.  tK.ltlll.l 

••   c.  Mirlni-.- 

■■  c.  tr.-n.'li 

•■  c.  l.>  fi    ..it 

"  1.,  htw  Kr.tnii.l 

Piiii.ioii.l  ilrllllinlp.  n.-.ir  .\.  ii'ti  ;• 
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I  r<'  IliK  l.oiuik  iiiiiic  jiiNi  t(i  till-  I'lti-l  III  till'  Stritilii  I'liii  pii'si'iit!!  It  vury  irrcguivr 
iiiaiL'iii  III  i;ii~vaii  am]  ori'  ^pr<  ail  ou  i  l.aiitriit  laii  lull  iIuik -.  ami  ^iiikiiiK  ti>  tiiu  nuiilli 
la  '  uimIi  I  mil  k'n  mtli  a  ili|i  ul  iilmiit  •'"  ilrniif-  in  miii.i'  |iliirii,  liiil  stri>pt<r  in 
mIIii'I.        ^iiriiii  iiuiitii   IS   |ii'i>,rnt    iiiitril   Hitli    tlii'  <iii'.    iii<",i    .<(    it,   Iihui'mt,  und   probalily 

uUn   I'l    lliK    (III'.    Iia-    I II    wiatliiTi  il    a»a>.     Iml     iiiav     |Milia|i^    li'    loiimi    liiniath    tliii 

'uainji 

I  III'     ii'unil   "I  t    <il    iiiiiMr    ^■■■ni>    iiMiili    inoii'    iMi'ii^ni'   tliuii    i|iii~<'   iii'itiir   OiiapinK. 

lii'Millli      till!      lil^      l.iMIlk      .111111'     I  ll«      nil  kl'l    lll'UI  lll|>     llllpllM'      la'llll.      Iilf      til     till-      I'ttHt      Ml 

hwuiii|i>    k^iminii   uilli  •'iiiall    laki's,    uliii  nlily  iiliu  small    patili   o!    t{i>s^aii    ua~    nliHirved   «ii 
it.s    Imrilir. 

iMiiosc  l.akf  i^et(ion 

I  III  uui  I'll^i'  III  tliii  iiiikil  liiaiin^  riiiptiM  in  l.cvaik  ami  llic  hui  I  liriu<ti'rii  puit 
111  Kmilinn  1^  Im  «i  Ntinlii'ti  liuin  .Mihim'  Ink''.  »linli  pri'ail>  'mt  irrt'unlarly  over  ii 
l<'n;:tli  III  ilirci-  niik'ii  iiliin;;  lliis  margin.  .Mhom'  lake  tna>  In'  rcailiPil  liy  a  road  run 
nimi  iim  I  li  11^1  liiiin  l.aii  liumid  In  <Iiih  Sccinii  h  larin  mi  tin'  Imnkji  iit  tliu  Uiiapin;( 
riM'r  mar  its  jumtioii  witli  t  lii'  \'i'i  iniliiiii  ;  and  tlii'ii  liv  u  trail  leading  throiigli  tli)* 
«iHii|>  III  a  liav  iin  t lu'  liiii'  liitHci-n  lavaik  and  i>ii»lin;;  to»Ti>liips.  From  tiio  riviT 
til  a  |iiiiiil  «itli  IK)  iiutji't  iirar  thu  liuy  only  drilt  i>  tn  lie  soon  on  tiio  porlagi".  but 
iIk'  aiiil  pliasi-  III  till'  I'riiptivtt  hero  sliowt  itvcll.  and  prartiially  tlii>  wbule  of  Moose 
lake  I-  em|ii>ed  in  it.  I  lie  millet  ol  the  lake  inln  the  stream  ment  lulled  before  a> 
jiiinini.',  OnapiiiK  imr  Uvn  miles  Iiiirlh  iif  the  -laliuii  i/i  in  er  the  eriiptivo,  and  the 
same  link  is  toiind  ai  varimis  pmiits  mi  the  lake  and  on  the  next  small  lake  to  the 
mirlliea^i.  neiierally   i  ailed  Trout  lako.  and   aiinllier   to  tlio  eaht  of  it. 

i  lie  arid  edtfe  i  nils  iiiirtlieast  and  Miiithwi'p't  a.s  a  raime  ot  lulls  nttcn  with  sharp 
minor  ridn<v<,  sloping  to  the  toiitheast  and  precipitous  to  the  northwest,  leMiltinR  perhnp.s 
liiiiii  laullinK  during  the  sinking  of  tiie  liusin.  or  possibly  representing  a  main  direction 
ol  jmnt-  .\ll  the  siir\ey  hues  i  ross  these  ridges  diagonally.  The  contait  of  the 
nil  kel-lieanng  eruptive,  «itli  the  tiilFs  to  tiie  simtheast  is  often  drift-covered,  and  on 
this  edge  as  nell  as  on  the  ba^ii  edge  there  ib  lro<)uently  a  valley  or  narrow  lake  in 
this  piisitimi.  The  seilinieiitary  imks  to  tlie  Miiilheiu,t  also  form  ^liarp  ridgcN  parallel 
to  till'  eruptive  ridges,  and  iKcasionally  a  narrow  hill  consist*,  nl  the  aiid  edge  of  the 
eruptive  on  iine  side  and  on  the  other  of  tutf. 

The  best  exposure  of  the  loiitact  In  tween  the  acid  edg"  and  the  sediments  found 
in  the  region  occiirt;  on  the  shore  of  a  pond  a  little  east  of  the  end  of  the  portage 
from  the  soiitli  to  Moiw^e  lake.  This  laxly  of  water,  unlik'  most  otiiers,  cuts  across 
the  strike,  and  near  its  outlet  into  Moi»e  lake  the  edge  of  the  nickel-bearing  eruptive 
shows  a  reddish-gray  medium-grainetl  rock,  followed  to  the  southeast  by  coarse  flesh-red 
granite  or  gneiss,  po.sf^ibly  a  pegmatite  dike.  Then  comes  r<x;k  much  like  the  first 
mentioned,  succeeded  by  conglomerate  with  a  fine-grained  gray  crystalline  base  and 
granitic-looking  pebbles,  lasting  for  about  120  feet,  doubtle.ss  the  basal  beds  of  the 
sedimentary  series.  Ueyond  this  is  coarse  white  nuartzite  for  about  70  feet,  and  then 
conglomerate  agatji  tor  about  l'(X)  feet,  after  which  there  is  a  ciiriou*;  breccia  of  paler 
and  darker  chert  with  some  pebbles  and  boulders  of  granite  for  l.fMIO  feet,  evidently 
the  same  as  had  been  found  along  the  railway  southeast  of  Onaping  beneath  the  vitro- 
phyre  tiitt 

Morgan  To'.>nship 

The  basic  edge  of  the  eruptive  crosses  a  small  lake  .just  east  of  the  I.evaok  mine 
and  enters  .Morgan  Township  on  the  fourth  concession  line,  then  turns  a  little  north 
of  east  to  Island  river,  which  follows  the  edge  for  more  than  a  mile,  and  turns  north- 
la-t  (111.  e  itmre  to  the  fifth  concession  fin.'illy  p.'issini;  into  Huwi-ll  tiiunsliip  frmii  the 
northeast  corner  of  Morgan  towll^hip.  Tiio  boundary  may  be  reached  partly  from 
Trout  lake  and  partly  from  a  lumber  road  leading  over  sand  and  gravel  plains  from 
Chelmsford  to  a  camp  near  the  junction   of  Klaiid  .nnd      and  Cherry   rivers.     Travel   in 


lo  iioii«ii93(no  am  m  tinsoj  him  ainn 
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till'   ri't;i()ii   IS.   ht)«iv<i.    vrry   truiil.li  ■.i.ini-  from    lulltri  liml"  i    .umI  iI..'   iiiiiimi«IK    i  nnu-'l 

..,,,1    |.i.-.  ,pi'.  ii>   lull-   .ilorin   th..   .nrila.i         lli.-   Im-i    ,  \ii..-iiir.      ..i,     ,i.     flu     '  i,.     1 i 

rarn|>,  wluT-  a  ulci-p  hiUnulo  rl^ew  iil)ove  UlarMl  rmr,  Iiiimiiu  iI"  iii.  k.-l  t,.  in  ipiu  -niii 
tivc  on  Its  Mdilli.rii  fttci'  pii>liiiin  pro|.iti(>ns  inii>  iIk-  I.iiiinnHan  nxk-  Icniniiik;  I'l" 
siliiiinit.  Till-  Ic.rriier  nu  k  H  iint  vitv  uray.  ►cmi.liiiirs  .k-ii  lutlicr  r<<lili>li  luokinjj,  ntHl 
«f  vurialilo  trxture,  toiirM'-RraitU'd  uik]  line  criiiii.il  |mrt.n  niiiiniiu  '"'"  i>"''  iiiio'li'r 
flir  finer  KraiiK'J  niat.Tial  mhiu'Iiiihw  (wiinitiiin  Mo.  kn  ..I  I.aun'iitiaii  ro<  k  into  a 
liriM.  i».  Tlio  I-auri'ntian.  whicli  strike*  oast  ami  »•-»  «iili  a  i.tIkbI  <Ii|>.  Ims  th.. 
ii..i,,l  ,l,ani<t.rs  „m.1  ..pi,,i-i.  ,,f  ..mis.'  i^iins.  aiiIi  I. an. I-  ..I  '-M  n  ^"■■n  I""  i  i;iain..| 
material,  thn  whole  i-liran-d  in  places  into  what  looks  lik.-  (rlsit.v  N.  ar  th..  iditi'  it 
LM  yrcatly  lin.kon  as  it  hy  th.'  aitioii  ol  tho  .Tiiptii..  mas.s  to  tli.-  si.iilli.  No  or.-  ..r 
Ko-san  was  fo.ind  from  tho  w.'st  <'.ln<.  ot  th.'  town-hip  t.i  lot  I  in  th.'  -ixlh  <.)m  .ssion, 
Bliii..sf  at  th..  northeast  cornir,  ami  prosp.-<tors  luno  taken  up  no  1. .rations  li..lw.'n 
th..  two  points.  N.-ar  a  small  lake  whore  the  four  town-hips,  Koy.  Morgan.  I.iims.len 
■  nil  Howell,  nu-et  th.'re  are  two  patches  of  ({..ssaii.  cm  »lii(h  \crv  littl.'  work  lia>  l..«ii 
done 

The  southern  or  and  edno  of  the  .riiptive  in  tin-  to«ii>hip  hiis  tl..'  iimibI  .hara.t.rs. 
and  is  in  contact  at  various  pointK  with  th.'  ha-al  ionnli>ni.ral..  --o  <.ften  found  below 
the  tuff.  The  eruptive  band  is  at  its  nnrrow»v-t  about  the  mi. bile  of  MoiKan  township, 
hB\inK  at  one  place  a  width  of  scarcely  a  nub.,  and  tli.ie  M-.-ms  l.*s  variation  in  .bar- 
B.t.r  betw.'en  the  ba-ic  edne  and  th.'  central  an.l  soiitli.rn  part.s  of  the  band  than  it 
IS  .nstomnry  to  f'ln.l  in  other  parts  of  th..  in<  k.l  rani-...  Perhaps  this  fact  -hould  b.' 
brouRht  into  ..innection  with  the  abseni.>  of  oi.-  referred  to  above.  The  thi.  kiie!vs  of 
fhi.  molten  eruptive  may  have  ben  insofrH  o'lit  t.i  provide  anv  lain.'  .piantity  .if  Rol- 
phid.'s  by  Kravitational  (iCf;regatiun. 


In  Bowell  Township 

In  Howill  t..wiisbip  the  .lorthern  ni.  kel  rani;..  Iia-  lone  l-cn  known  tbr..imli  lb- 
work  of  prosp.'.tors.  and  a  row  of  locations  has  b.K.n  laki'ii  up  l.enmninc  at  the  -..nib 
w.'st  corner  and  runninc  quite  across  t|,<.  township,  passim:  in  th-  tliir.l  .  ..n.  .v-i..n 
into  the  next  township.  Wisn.r  .\bout  at  tb..  centre  of  the  ;■..»  c.i  l,..aii..n-  a  I.e. - 
offset  branches  toward  the  west,  extending  out  of  Howell  into  Kov.  and  ending  nlmo-t 
.■\actly  in  the  middle  of  th..  latter  township:  and  the  whole  ,.f  ibi.-  ..tf.-t  i-  m.  lucid 
111  niininK  locaticui-  also,  ko  that  there  has  been  more  int.'icst  -b.mn  in  ..i.  .|.po-ii- 
of  this   township  than    in    any   other  on  tho  northern    ranne. 

Tho  locations  ar.'  lH>st  reached  by  colonization  ancl  lumber  road-  fi..ni  A/.ildi 
(HavKide)  to  Trout  lake  'a  larger  body  of  water  than  the  one  of  the  same  name  m 
^toraan  township^.  CrossinK  Trout  lake  by  canoo  a  trail  leads  inland  from  it-  r..rtb.rn 
bav  an.l  branches  towar.l  the  -oulhwe-t,  west  and  northeast.  \  part  of  fhi-  Hail  which 
was  cut  out  for  the  use  of  pack-horses  .lurinp  the  development  of  some  c>f  the  pr..p.i  ti.s 
is  still  in  cood  condition,  but  towards  the  cncN  in  each  direction  t  lie  path  is  rou..;h 
and    bar.l   to   follow,  especially   where   the   timber   has  been   cut    and    fir.,  has    run 

Hocinnint:  at  the  (southwest  corner  of  the  township  the  ba:;i.  .clue  ..f  th.-  ni.  ke|. 
biarinc  eruptive  is  found  a  little  north  of  the  c.rn.r  post  of  location  W  D  'Jol .  and 
ill  a  general  way  the  trail  follows  the  e.lce.  exce[.t  where  hill-  or  swamp-  turn  it  a-idc-. 
..r  where  inorainic  rid^os  hide  the  rc.ntact.  Oos-an  -low-  a'jtain-t  th..  -teep  i^lop.!  of 
tho  l.aurentian  towar.l  the  northeast  corner  of  tb.-  l.~ati..ii.  an.l  then-  i-  ,.  -waiiipy 
pond  bol.iw.  with  hills  of  norito  to  the  southeast  Near  th.'  w.-st  end  of  W  1)  'Jtl  an 
outcrop  of  co^san  and  a  test  pit  nlonc  the  trail  indicate  the  bouiiclarv,  ancl  more 
gossan    is  soon  toward   the  east    -ide  of  the  location,   th.n    drilt   liid.s   the  ..mta.t    until 

W  n  2.11    is  reaiiie.i   »iiei.-   ll.i.-.-  -mii.!..i    -ii...;i  ..■.iTrr.-j:-,  r.:   ^r;---,a::   .-ir:.!   «:•■  ii    :iS^''n=* 

tho   !,aurentian. 

In    \V    1)    23«    a    small    otf-et    picject-    northward    from    tb li:.'     runninc    into    a 

narrow    vallev    in    location    W    D   MT.    where    there'    ar.'   .trii.pini:-    -b..MinL'    iio-aii        Tho 
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villi. ■>  1-  I'll.  |...-r(l  l.y  ^t.■.•p  ami  Imrc  Liiun'Mtiiin  lull-.  A  mihiII  l.ik.-  in  l.iiiUii.ii  \^'  D 
■21-'  ill.. I  -SA'i  MpiM'iirs  to  r.'pii's.'iit  llic  boiiii.liirv,  ami  l!..l.iii.l  Ink.-  ii  littl.^  to  tli.'  ii.irtli- 
ca-j  .....ipi.'^  till'  !-aiiio  p.)>iti.)ii,  having  Laiiifiitiaii  »'t  tlii'  ii.iitli  luid  ii..ril.-  •>»  ili.' 
soul  ll. 

Ill  a  ^.M.'ial  way  tlicri>  i^  a  vallry  niiiiiiiiK  al.iti^  t  lie  -..iitlica-t  i.lui'  ol  tin'  I.aiir- 
I'LUaii.  uhich  riM'-  as  a  very  nm-.'il  laiim'  ..t  liiil.s  i.>  a  lii'i-lit  ..1  Ir.-m  ^'DO  to  '-'T!) 
I,--.,  uilli  pal.  hi'-  ..I  or.'  al.iii;;  il>  lo"'.  S..ut  liHi-.-t  ol  tli..  vall.'V,  wl.i.li  is  oHon  occu- 
pi..,l  l.v  a  Marn.w  lake  or  imi.-k.'ji.  tray  liilN  ..t  ii.Hit,'  ii...  t„  ain.ut  I  lu'  ham.'  height 
as   ti,.'    I.aiirintiaii. 

h.  \V  I)  .T)  tilt'  oirsct  runiiiim  t..  tli<'  l!o-.s  iniiic  ill  I'.iy  l.aM-s  tli.'  clfie  of  thu 
main  ranuc  In  W  1)  M  ni'ar  its  n..rtli«.->t  i.miut  ami  pn.l.al.ly  .st.Mi.linK  into  tli.' 
pi.  ,1. ,11s  location  tlii'i-o  i.s  a  proniisin;;  out.iop  ol  C"-^'!""  "'id  '"'»'  »*  ''"'  '^'^t^''  "^  *''" 
pranit.',  lint   oast  ol  tliis  to  Trout  lako  no  oro  was  ol.-crvi'd. 


Offset   to  Koss  Mine 

lln>  l..n<;.'st  olf.sft  ■111  til.'  wlioU'  iinumfcn'm-.'  ol'  tli.'  in.  k.l-li.'ariii.;  ..'ruptive  I'X- 
tcii.U  tor  six  miU'«  ii.ariy  wi's-.warils  tri>m  \V  I)  Ji  to  W  R  .-;,  r<a.  Iiin«;  what  is  callcl 
til.'  I{..s  mine,  iii  t  hu  cxait  ..'iitri'  ol  tlio  t.jwnsln;)  of  K.iy.  Thi'  path  is  at  I'lrst  Kood, 
hut  ImDic  tho  w.'st  houiidary  ol  liouill  township  i.s  r.adii'd  tiro  and  fallen  timber 
and  the  lU'hris  h'ft  hy  the  lumheinien  injure  it  trreatly,  an.l  heyoml  this  earo  is  needed 
in  l.>llowin«  It  .'\.'n  in  m.-.'n  timh.'r,  Mine  it  ha»  siarcely  heen  used  for  a  number  of 
year-  and  the  blazes  are  growing  dim. 

Inst  alter  turnim;  .,lf  from  th.'  main  riMiye  there  i.s  a  n.iisi.lerable  Rhowing  ol 
Ol.'  'in  a  hillside,  and  the  a.lj..i.iiii«  roek  I'or-ists  largely  of  iihite  nlasio-lase  crystals 
Ko  .i.'M.led  to^.'tliiT  as  to  appear  like  aiioiihosite.  Small  seanus  of  matrnctito  occur 
in  tl,!-  rock  a'^s  well  as  siili.hi.l.'s.  To  th,.  ;i..rthwest  in  W  I)  l-V)  a  « ido  expanse  of 
Ho--;,n  I.s  exp.i'-ed  by  strippin-  and  nume.'.us  test  pits  extendint;  nearly  to  Nickel 
lab.',  uli.'i..  th.'i.'  1-  a  1...^  1..I.1-.'  o.'.n|H.  .1  .1.11  iiii:  the  .bv.lopmi'nt  u.irk.  Tinning  w.'-t 
th.'  I. ami  narrows  ^^r.ally  .-ind  line  «raiii.'.l  -eirite  penetrates  between  block:-  nf  coarse- 
uraiii.'.l  norite,  of  a  i;ray  i;neissoid  rock,  ol  preenstone,  and  of  a  white  .-ock  with  por- 
phyrin, lel.lspars,  t'le  whole  ru.sty  or  t;.,ssan  covered,  Tho  adjoininp;  I.anientian  i.s 
coar-.'  ri'd  granite,  an  unusual  variety  in  h.'  re-ion.  On  the  shore  of  the  next  lak.' 
to  tb.'  w.'si  a  similar  mixture  of  nicks  i.  s.-en,  and  some  gossan  rises  above  the  water, 
I'n.m  this  point  t..  the  iiei..:hborliood  of  Ross  mine  little  oro  or  Rossan  was  seen, 
al'h.iimli  the  band  ol  ii.irite,  narr.iwinc  and  wideninc,  seems  to  be  continuous  or  nearly 
s,.  ibe"ulioie  way;  but  somewhat  similar  outirops  of  pray  r.ick  rking  through  drift- 
,.,^,r.'.l   jzroiind    lea^.'   s.ime   .l..ubt   as   U,    '  b-   relationships,      Kvidcntly  the   early   pros- 

p.','f..r-  .'^...sid.Tcd   tb.'   wli..l.'   l.'n.itb    .,.   b,  !..!■-   >..  th..   iii.k..;   rate:.',    ...    tb.v    u i    m" 

have  tak.-n  up  lo.ati.ms  abing  it.  The  rreatest  width  of  the  offset,  ^„  far  as  observed, 
is  in  \V  D  -J.'it.  V,  i,.r.'  the  r.ick  seems  to  ex'.n.l  f.ir  about  r>iM  feet,  but  usually  it  is 
lou.  b    nan    wi'r,    in  one  <  n.se  apparently   only   -0  feet. 

(»ur  .'\pl.>rali..ii  ..f  the  locations  just  .''it  of  the  R.iss  mine  wa.s  greatly  hindcrcl 
by  the  work  of  a  ...lony  of  b.'aiers.  wlii.  b  nad  recently  built  a  .lam  backing  up  the 
wr.t.'i  l.ir  ball  a  mile  .ir  more  in  varioii-  ..Irections  int.i  the  Hat  wooded  land  along 
till'  cr.'i'k,  \V  K  '".  the  original  Ross  mine  location,  includes  two  outcrops  of  ore  ami 
i-iial  acaiii-t  a  hill  -i.le  of  Laurentiaii.  and  dipping  under  the 
Miall  lab.';  but  tb.  .imoiint  ..f  ore  to  b.'  se<'n  is  not  large,  ll  i- 
ol  nickel     -      M.ist   of  the  I.aurentian  encounteri'il   along 


I'  cr.' 
L:.i-v-aii    Stan. ling    a- 
,,i,,-k.g  I'Mi'b  r-  ..I 
■  ,  port.  .1  •      a^-.n    'J         I'.'r 

Ibis  oil-'    1-   c.iai,-.   i;..iin<'.l    ami    Ib'.-h. . 'bired,    but    some   masses  of   gray-green   rock,    in 
t-.'iieral   ..iipearan..    ii..t    unlik. 


the    ii.inte,   are   .'n.l.Tsed  in    it. 


,  0.  S    <■  .   ',E90,   t    rx    R.   pp     J3-4. 
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n 


l;ruptive 

.    .M(Mi;;ui    t..nnlii|i    into    I.uim-.I>ii    ni  llir 

ar    III.'    ii'iii  li    -lioir   ni    .1    -iiiiill    iiiiiiiiiii.  d 

:i-   :i   ii.<\i\    i'"U   ».  Mt'n't  lilt:   l■l■l|lll^ll.      I  111' 

,,.,,t/.it7    ml,    ,,.  1.1,1...     ,...1    M-i"     1  "■■   tnll, 

,, ,,1,1111.11    t,.  tlir   ii.ilhi'i.st    ii.s   II   .ii!i^-   "I    liirli   li'll-    ^nikiii'J.   liowover, 

,„i   nv.-r  Mii.Ui-   it^  »a.v  .1  r,„i^l.      \l,.i,;;  tin-   ^..ll.v  •_.,.>. I   lib.iii-  uml  inoriiinir 


5<iuth    l:t' 

'llil'    111  1(1    idiif  111    til..   rllll>lnr    11, ,~ 
tlltll    1  ,,IH  .  N-1,,11,     1111(1    I.-    Iimi,.      "clI     (Ap 

lake  Jiivt    I!', rill  ill   tlic  ,  ,)ii(  c^-iLii   line  in 

licl_lll..  rillL'    sc  lllll'-l  •-  1,1    'lie    -"I'll    l""k    'ik. 

ami   tli(-c 

riilu'i'    ,,Mi,."l'l'ii..  r"   k,     (In   tli.'  line  k.^l^cci   k.t.  <:  ...M   '  u,  .1 nth  nl   ii  sinull  lako 

,,„.-, n-  tlic  .,..Kc-M(in  line  Lctuiwi  l.nni^.li'n  and  li..-  .11  tl.c  in  nl  .■d'Zc  liirni,  »  hard 
,.r,.v-..n...n    nuk,  .,i    v„n...   i.'hcr  iiiiptuc  .•ippiar-   ti,    iiit.rv  .n,-   l,.-.«...ii    it    aii.l  tho  M-d- 

m...,ir    lii.t   i.M  tho  l.iwn  l.n..   >n  l(,t  .-,  and  al~„  in   l.it    I   ».■   1  tli.'   iiMial   ,..|atinnsh.ps, 

,h,.  .'laniti.    l,..,kin»:    and    ciki.  m- <ii   t..   I.lind    uitli    a    -n-atl.    nictaim.rplK^.'d    coarse 

,,,,^1, rate.      In    place-      it    it    «.ic    n..i     Mr    the    (nar-er    -lai.i    ami    d.tt.Tent    text  „re 

ot  the  included  pehhles  and  houldeis,  the  matrix  m  the  .„m.;l,,mcrate  ...nid  m.t  .e 
dl^tinl;lli^ho(l  from  the  eruptive,  and  t;reat  .are  ua--  „,,,->.arv  m,t  t,.  ..veiriin  the 
ciintact    I.etweeii  the  two  mcks. 

In  loiatmii  W  I)  '-'.VJ  at  the  soutli«(-t  hav  ,.l  Tnnit  lake  thero  is  once  mor..  n 
fine-Krained  dark-Rreon  roi  k  lietMoen  the  eruptive  and  the  tulf,  in  plae.w  v-tv  much 
|,k..  a  liaMc  eruptive  nick  it-ell.  hut  in  other,  il.arficd  with  a  tew  pel.hles  of  trranitc 
and  havMiK  the  chariuter^  of  -.shito  cmmlonierate  •  In  this  mart;.nal  r„<  k  tl„.re  are 
veins  .■oiit.iinim,:  ,,  lart/.  with  /.inchh-mh.,  ^ah^na  ami  a  little  copp.r  p.Mit.-,  and  at 
one  pi'itit  a  .shaft  has  heon  sunk  to  open  tip  the  ore.  The  .|.iartz  forni.d  .|.iite  lar-.. 
rrv'staU  hefore  the  sulphides  were  depoMted.  and  on  l.reakiim  the  or,,  the  six-si.l.jl 
eriiss  MTti.M.s  of  the   Fri'-'"^   ar.    well   inark.d.     No  very   lar^c  amount   ol   ore   was  to  be 

seen   and   the  (hp-'sit    doe.s   not    seem   to  1 f  Kreat    importance   m,   far   as   tho   present 

d(.vclopment    work   ficcf.. 

There  is  a  M.iall  openini;  near  a  hlaiksmith  shop  a  little  eiust  of  the  ea-t  hay  of 
Trout  lake.  al.M.  on  similar  <iark-(;r.-<'n  eruptive  lookini;  r,-  k.  I.ut  even  Iftss  ore  is  to 
he  seen  here  than  in  W  1)  •2r,-2.  Thivse  small  ore-heariiiR  veins  ar.-  found  in  the  adj.iin- 
inK  sediments  or  in  Rreeiistones  connected  with  them  and  not  in  the  nickel-hearing 
eruptive  it-self.  hut  tho  eruption  of  the  hitter  may  have  som..  connection  with  the  for- 
ma'ion  of  tho  deposits. 

\  verv  Kood  .section  of  the  contact  of  the  a.  id  ,A'^,-  vMth  the  sediments  is  exposed 
01,  a  small  poniiisula  projectinR  from  tho  south  shore  of  Triut  lake  where  the  lumher 
road  roaches  the  water.  Two  or  thP'e  islets  to  the  north  show  the  ni,  kel-l.oannK 
eruptive  m  its  usual  phase  along  tho  ^-outhoast  ed'^e.  while  the  peninsula  ends  in  a 
conglomerate  havinR  apparently  two  kinds  of  matrix,  fine-framed  Rreon  material 
containin.'  cpi.h.te  and  cpiartz.  and  rather  coarse  r.d.li.h  or  -ravish  .|.iart/it,..  '.oth 
indudine  many  small  and  large  pehhl,.s  of  granular  (piart/.ite  and  of  granite.  Irreg- 
ular  projections  of  tho  acid  edge  granite  penetrate  the  ,„n.Jclo;nerate  for  100  yards 
or  more  .Next  to  the  Mmtheast  is  a  narrow  range  of  pre,  ipitous  lulls  of  hard  splintorv 
chortv-look.ng  l.r.x'ciated  ro.k,  then  com.^  a  lii-(<ia  of  a  !c.~  chorty  kind,  with,  how- 
ever,'a  few  granite  houlders,  prohahlv  the  ha^e  of  the  tulf.  The  section  doscrihed  is 
ahout  1.2IHI  feet  in  length.  Still  farther  to  the  M,uihwost  is  the  usual  tuff,  less  flinty 
and  unaffected  hy  the   iieighli.irhood  of  the  eruptive. 


Wisner  Township 

The  hasic  edge  of  the  eruptive  runs  almost  due  east  from  the  northern  side  of  lot 
12  to  lot  4  in  the  third  concession  of  the  town-hip  .>f  Wisn,  r.  ami  then  hends  to  the 
southeast  toward  Vermiliim  river  and  Norman  town-hip  Th..  portion  up  to  lot  1  has 
heon  survoved  as  locations,  hut  prospectors  worn  to  have  fouml  no  ore  along  the  rest 
of  it  This  part  of  the  nickel  range  is  li.-;t  reached  hy  liimlier  road  to  Frenchm.an'^ 
lake  and  then  hv  a  canoe  route  to  Joe's  or  Marion  lake  whi.  h  crosses  the  nickel-hearing 
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.■riiptivf    ilK.u ill%         II..     '"■.    ImiiiI:Mimii  -    h.l,i-    -.iO-    in    'h''    -  Win,,  nt  mi  \     r.icks,    tlio 

s,„iil,  .11.1   i.im  .■M.I.  -..I    .11   tl,.     ...it    l.hi.k   -l.iM    ^,,M.t^    .,t    tl,.     M.ll     l.ii     1..  .1.111 i..'"i 

i„U  l.i.l,-  i|„.  1...I  ....1.  ..-  .....    .  i"-^  t..  -I'"    ■   I'l^'- 

Tl,..  l.iiM.  n..i|.:iii  .il  til.'  111.  k.l  l..'ariiii;  .luiitn.'  1.^-  il..'  u-iKil  .  Ii.ii  .i.  I.T.s  n.,itli  ,>l 
. !.!.■-  I.ik.  .  111.  I.. .1  11.1,11  X  1..1I..  n..it|i  I.,  mil:  I..1111.  iitiMii  .111.1  n  MMii.ii.v  villi,  i  riiliiiiii« 
,,,    „,  ,,„,,    „,,|,    i,,a    lull-  ..I    I,. ,111.    I.,   ill..  .M,,it|i.      N..I    11. u.  Il   -..-an  1.1    ..!.•   1-  t<,  !,(■  Hi'.ii 

,i,     II..-    |.,.;,t -    .1.1..--    Il.i-    t..un~hi|..     111. ..mil    ...iiM.I.  i.il.l.     -I1.1U111--    .i..iir     ..I.    \V     1> 

n;  Mil  I    W     I!    11   11.  ,11    111.-  II.  .1.1   ..I    'II.-   I.ik.-. 

Ill,-  .1.  1-1  i.li:.-  1-  v.i^  »'ll  -I. .."II  ..11  .II..'  -  l.ik.-.  ulii.li  it  .1..".-  iM-ai-  til,-  -outli 
^ll„l,-,    ..11.1   III.'    I.iii.'    Mill;,..-   ..I    tl.,'    i."U    iii'iii-    a    -111. ,11    lak.'    1..    tli-'   .-.  .nt  li»  t-t    ti'v.-s    an 

i,nint.iiii|.t.-.i   -.'.I,. .11    .1.1..--   tl,     ' Iai>.       11.''   • 'i'-'.'  "I    'I"     .mi'tiw-    1^   -1  aii.ti. -In.-K 

iiiH  an. I  -.-.-iiiv  t.i  l.'i.n.l  int..  a  .  ..ii.jl..ni.-iat.'  uilli  .,  In,.'  i;i  ani.'.l  ,  1  \ -t  alliii.'  .^r., 1111. 1  ma-, 
ttlinli  iiiiulit  I..'  tak.i,  I..1  i;ianil.'  .  ..nlaiiiinii  -mall  ,111. 1  lai't;.'  K.i.ll.i-  .,f  i;i  I'nl.',  ..It-n 
ttith   \aniU'  c-il-,'-.      I'lii-.  .(.nnl.im.rati.-  1.^  ij.'i.ttraU'd   l.>    iinli>tiintl\    l...i;ii.l.  .1    pi  ..j.-.  t  i.'ti-. 


I   ;,,1-   ..II     '.    .111,11, ..11    1  U.    1    -It     1"-<M    r    i-l.ll,l 


.;    it- 
-tui;^ 


Il ih.    .-i.i|,ii\..     .1  I.I   -..m-    1.,   Ii.i\      I,.', I,    L.I..1IIV    ,. -.i  \-..ilii>.  ,1    .'--.I'l. 

|,,,..,.|ir,.  \l I     -•ill'    l,'.'l     1..    ll..'    -...itli    till-    I  ..n.;l.'lii,  I  .11.'    1..1-    a    '^1  ..Uli.l  Ina --    ■ 

„,  1,,„ I    ;,, ,    11,.  mil,   .,    I..»    |.,  l.l.'.--  ..I    iiiai.il,  .  aii.l  llii-  .hi'-    l..'ii.  .ith   tli.'   -ma  II  Ink.', 

A    i.ai.ill.  I    -.'.I .1.    111..   -Ii.ii..   ..1    .1...''-   lak,.  -Ii..»-  a   -mil:.!    -l..m.'i  ..t,-   |.,l|..u'.-.l 

In    I, ,.,,,,,.,   ;'    ,|,i|ln      ,,    .ll-l:il:.  .     ..1     I.HMi.'t    -..iltli..!    ll,.     .,,  l.l    .-.  1;^.  ,    l.,lf    \MI  11    a   li  w    I'.-et 
l.l    a    lili.-  liiaili.'.l    :;l,.'l,^la^     !.«k    uilli.nlt    p,  1.1.1.'-    l.,'t\\,.li 

'III,.   ,:,-t,-i   I    -111,-   ,,1     Wi-ii.i     ii.Hii-liip    1-    -'    .-.i-ils    ...i.li.'.l    It til.'    Viriiiilnm 

rn.r    11. .11     |ta»-',ii,    ami    .1   .an..,    i..iit.-    1.  ml-    a.i..--    ti..ni    tin-   - ml    I'l .  11.  Iimaii's   lak.. 

,,,  ,1  I,   |„,i,,i        It;,.  1,1. k  -li.iHini;   l..-tH..-n    tin'   i>v.>  l.ik.--    1-    maiiilv   tulf     l,i,t    lialr  a   iiiil,> 
»..v|    .,1    |ta»-,.i,   .1    larjz,-  .hk liakaM-    1  i-,-~  l„-i.l.-  ll,.     ti.iil.    p.iliap-  ili.     .  .iiit  i  iiiiat 'mil 


jo  uoin»H33U«o  am  ui  iinsai  him  auiii 
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Ihc  Norlliern  Nickel  kannc 


7.» 


,„    a   .|,K,.    „„uul    !■>    Mr.    <  ulK.  M    u„    (.n«at,.,    laU-    al...u.     lu.,    ,n,l, -tl,..,-         V'. 

„,«-„.  (,,.a,..i   pla,,,.  and  .„M.k..u^  ,,n,.,-  ,1,..  ,...k  ul....,   V,  n,„l,nn    ,  , wr,    „..    ,lu-  no     t. 
„,,,„>„«  Iho  m.r.la.rn  .■.!«..  ...   ,l„.  .,■.,..  n-   ,-   .u„n,l    r,->,„  a-    lulU   a   .nUo   «.M    o 

„, ,.  enU  ot  Un.r-n  lak...  M-a,   a  ,.„all  laU  a.  tl,.  >...M.r  ,.;   1...,  •)  a,..!  4  .m  .1..    I-hM, 

,„,„....Mo..   ol    W,-„.r    .,mn^l..|>.      At    .1,..   '.,m,ula.v   tl,.    ,„„...■   Lan.   a^anust   u    l-aur... 

,,a„    Inll     1...    n -   -■    ^ ■'    »-   '"    '-    -"  ■    •""'   ^""'^'^    r..Iat um^lnps    are    foun.l 

,„    ,1,.    n.rthca.t    ..mauK    V.-pm,!,,,,,    ,u.t.    I.m    ^,a^,.l    ..■,.a,.>    l.-lc   tl,.    rock    near.r 

till-     I  IVtT. 

N..ar    tho    l,..ad   „1    H.u-s    lak,-.   tl,..     n.-M     ••xpan i    ui     \  o.nul.un     nver    soutl.    .>I 

H,„„M,„   lak.,    th-   acul   ..,1«..   ^h„«>    i.-ll   «.tl.   tl,..    M^ual    ,M..a>„.„  plins..d  connlomerate 
,.,  tl,.-  M,utl,,   h.iv  l,aviMs;  a   VM.Itl,  ot   --'iii  l.'.-t   Ih-Im,-  tl,.-  tutf    ,-  ...u-ountered. 

Norman  and  Capreol 

The  bci.Mdam-.   of    tl,.-   n,.-kel-l.t.a.  ifi;    .-i.tpt.vo    in    '1,.^-    •own-.h^ps     wore    mainly 
l,x,-d    by    tny    a.=feK-tant,    Mr.    CnllM-rt.    a.,.l    the    folLmins    .-..oimt    .s   «.ven    .n    h.s   o«  m 

ontcrop  there  a  .mn.nK  a  southward  d>reet,.,n.      In   the  tK.rt  ,ern  '''''"T;'"";  '     .^  X 
township  another  change   it,  d,r<..t,..n   is   townd.   the  -y^^''    '"J  '''"^^^  lli    X- 
.ast  to  Mas.ev  c-r,  .-k  u>   far  as   >t  was  followed.      1  ho  lin-  ,.f  outcrop  ol  the   ''''^'     «;i^  : 
owing  to   U,  e.M,>parat.vely  r.-.pid   weathering,    d.-tern,.nes    the    p.^.Uon    o  "ar  .  . 

vall.-T  frnn,  tl,.-  Whivti-  pn.pe.tv  t„  -Ma^-v  .  r.-k.  I  h,s  v;.ll.-.v  wi.1-ms  m  „.,>,.%  P  •"  - 
often  contaimng  lake>  wl",.-h' ,  onion,,  to  the  stnk.-  of  the  eropt.ve.  l-.xa.npl.--  are  lake- 
Selwvn,   \Vadd"ll.   Klla   and  (  k-ar.  ,    ,      _„rtl,er-i 

••The  hamc  phase  along  this  part  of  its  outcrop  resembles  the  ■'"r'te  o    the  nort  ,.  r 

,,„,.„     |„  , l,,,|,t    „„tt'..|    i;ia%    an.l   is   ,  .,niparal  n  .-ly    narniw.      Dai  k.-r    pi,....  s    ... .  „ 

.:  spot'  and  ^-'nlhlo  the  rock  .V  the  Hle.ard  n„ne,  hut  the  tew  --_!-'; -'^  ^^j' 
uear  Moose  lake  are  easily  ov..r!ooked,  Man>  pec.iliar  .^''^^^'^  ^ "'' V,  "-v  a  .P  - "  -^ 
>,H-h  as  the  poik.I.tic  k,nd  near  the  Hlue  lak.-  ,.re  depoM  ,  which  .  . '^'  •  ,  f,'^" '  [.^ 
Quite  ciarselv  uranular  hut  ,.  I.nind  under  the  ,„icro-cope  to  (.,iis ist  ot  iar>;e  a;_uu^-"< 
o  eld^  r  opU.ally  c.mt.nuous  with  inclusions  of  lu-ili.at,^  ^'^'l  w:d;h  oi  o  {■■  ' 
niurogr.phic'phase  tak.-s  pla,,-  with,,,  a  short  distance,  an.l  he  ';''"'«,''',,"'*, 
,„  the%ruptive  is  not  great  ,n  M.e  t.,.vnsh.ps  .,.  Nornu.n  ,.n.  \;''2;  iV^^'h.-r  ...a  ■' 
two  milt*  as  a  r,il.-.  The  micropeKmatite  ,-  ...  t,.-  „.,ial  '''?'':  '''.'^,''  ,;,'''",,,,. 
-rained    variety    f.oind    in    the   n.utlwrn    rani;,-   a„,l    corn-p.,.,.ls    m    rni.,e.al.,n..  al    ...r,. 

"'"'''on  the  east  -.Me  tin-  .r.ipt.ve  ,.  in  ..-n-a.t  »,.l,  l.aurent,,,,,  ..a,,,..-  -';'  «- 'V; 
The  granite  is  pinkish-,.-!,  with  ahundant  .|U:.rt -.  and  l.-n  .,i  t  ,.-  '  \  "  ";  ,|,:, 
pla.es  where  th.-  a.hl  n,,,un,a  has  ,„„  incorp...a-.-d  '"'I"''",'"  V  ,,;..-,  r,  .',,.' 
rocks.  In  nianv  parts  h.,rnhl.-n,le  porphyr.t.-s  an.l  .r.-cn  Ml„sts  ;;";",,,;','- 
out  in  basic  hands  int..  the  acul  mat.-r,al  an.l  l-o.,,,,,-.:  ^n.-,s-.  ,„  a,  .  ur. 
„„m.-n.se    blocks  .,r   large    n.a-s.-s    „t   consuI.-raM.-   an  a    «h,.l,    tl,,-    „  '    „      '„    \      ,   ' 

,.,iterial  failed  to  shatter.     A  larg-  n.ass  of  t,.,s  k,„.l  .>..„,-  hall    -.  n'll.'  -"U.  I,  ..I    .M 
lake  near  the  sn.all   marsh  on   tl,.-   n.ad  t,,   HI,,,     lak.-.  „,,i, .„,..,.,..-     bi-'hl,- 

"The  aci.l  phase  to  the  w.-st  ,  .,n:.s  in  .onta.t  w,th  tb.-  u-ual  .  .,n.^„n,.  i  at.  In  1  . 
„.,lura!;;;i  w.th  ..eH-roun-W  p,  hhUv-  and  boul,b-rs  "'  ^-"'"-J-;:;;-^'";:,;' ',:',■  '^l 
,|Uart7,ite.     On    passing   w(>stwa,-.l    .his    ,,,rk   -..-.-ono-s   s.,ll.-.    an.l  tola,. ..,.>.   „,tl,   n..     a,_ 

'■""'-ri^ge  diabase   .like   of   .r,-at    wi.l.h     in    som,-   pla,.-s    a    t.-u    l,,„Mr.-,l    pa,.-.^   was 
,..und  in  th.-  valov  of  Mass,-v  cr.-ek  „n   -h-  h.u.n.iary  of  .apr...    an.l    Ma.l.-nna„   „w„. 

sh.ps   in    the   third   con.-.-sion.      1.     .1 -t.  ,-,.ps   on    lot   -.   ,m    t„-    '■■-;'-"'-'         '; 

Caprool   on    the    shore   of    the   sn.all    lake    ..n    the    l.ne   betw.-.-t.    b.ts     .an.       -       J   ','\,,  , 
p,,!!,ablv  the  .same  dike    ,hat   ,  ros-,-s    lak.-    Onwatm    an.l    wh,-       a  ..- . -   '•      'j;     '^,/';      \ 
Icon.rroncession    of    \N  iMU-r    near    th-    so.i.bwes,     P-'-    •-    "":,':;,„  .,'7,„.„ 
n,-arlv  straight  line.     The  rock  has  a  .lis.,.,,  t  gr.-,-.,   -.lor  -I ...,.,-,.!., 

•""'•^":Uer.he,-.,nta,t    ,,et« n    .h,-    n..n,e     ,-M    .1        I ..n.,a,,     ^'1|' -    -    "- 

surfa,-.-   ,ndi.-ations   of   .ue   nre  f.,un.l,   e,.hcr    ,,,   .l„.i    1-      '.' -    "     ^"-' """I- 


or.-    bfwli.-s.         Sulphi.l.-   particles   .an    1..-    t..u,i.l    o.,    tl, 
te-ted    an.l  the  n-d  gossan   pn.du.t   i.s  pres.-n'    a!..ng   .'■ 
.ear  lake   Wahnapita.-.     The  more  imp.,rta„t   .o,t.  r-.p- 
scuth   of    it    nt-ar   th.-  -mall    M.x.se  lak,-.      On    the    sl,or,- 
hi  s  prov,-.l  tb.-  .-xist.-n..-  "\   a   l..,.lv   ..1    .„.-  .-f  s.,.,,.-  s,-,.- 


.  .Hit Ml  .     \\h.-r.-\  .-r    >h.-    r...  k 

.i^tii.-  l.-ngth    in    th.-  township- 

,1   (ir.-  (x.  iir  n.-ar  HI.,.-  lalo-  an-l 

,.f    I»lu(-   lak,-  th,'   ilianion.i  .Irill 

Th,-   .i.,ti  i-op   n.-ar  Moose  lake 


f:  ^i^i 


74 


Bureau  of  Mines 


No.  5 


fi.iiu  ■  ,1  I..UI1I  •'\  III.'  l..!li>H  iii!^  !lic  iiiiitiMt  ;in.l  \iii>iii^  III  Mhlili  In. Ill  iimi  In  six  if.'t 
ut  llllll>  iimiii  --ullihlil.--.  Ill  til.-  ti--t  |>l'-  till-  Ml,  a))|.iiii-  i.illi.i  I. 1111.  I..iii(;  iiii\>"J 
UMtli  (-oiiic  ol  the  iiiiiiii.r  iiiiiizin.i.  Iiiil  liir  |.r..|Mi.it  imii  |n,ik~  |ii  ..ini-iin:  liawn;;  111  \  iirt' 
the    iiiipioM'inrlit    ul    1 1  :iii>piM 'al  ion    liic  ilii  i.'-,       I  mhImt    tli.    -    imii:    lni:il    attr:i(t  mti? 

UIU    loilllli    Mil     till'    Ilnltll     tllll    ..I      I'.llll     hlkl-     IM.ii-    til,.    Mi'-t     -I, I,'    1,1      \'>   II     ■-',     llllt     110    tl>.st     |lll, 

lave  lir,  ti  ii|i,'iiiMi  til  princ  ili..  ,\i'iim..  1,1  an  nn-  l„iil\.  Tin-  •i-t  -hI,.  of  (lonr  liiki' 
I. tar   111,'  sImi',-  slums  a    low   Ifsl    pi'-   "illi  ni,-  ami   a  ,  .,ii>ii|,i  aM,    ,  \!,  Ill    ,il    t;.,.snali." 

The  Whistle  l'r<)f>trty 

A  lamic  I, lilt,'  Ica'ls  IriHii  Itm,-  Ink,'  t,,  tin-  Wliistli'  prninity.  pas-iiiu  tlii()iii;li  tli,, 
Iinitliiasi  .'ii.l  ol  (  .ipicol  to«Ji-liip  liy  (  I. at-  hlkl'  ami  'Irout  Ink,'  to  Wailil'll  lake  ami 
S,l»  Ml  l.ik.'  Ill  .Noll. .all  towii.sliip.  'I  111'  Wlii-tli'  propi'ity  Is  ,,ii  lot.  I,  1,1  till'  t,,iirtli  ami 
tilth  I  1,11,  ,'s.-i,,ii- .  atiil  lia  I,,,  11  opiniil  up  l,v  stii|i|,iim  :iii,|  trst  pittitiii.  -Iiowiiis!  all 
I'M  laoi  iliiiary  i'\t,i.l  ol  t;,i--aii  sinlai,'.  alioiit  hall  a  iiiili'  111  li'iiutli  Iron,  soiitlioaht  to 
iioii  Invi'-i ,   ami  L'."'ii  \,aiil-  h  iil,'  at    1  h,-  h  i,|,'-t    phi,  i'.      So   Im    as  i'\t,'iit    ,,l    i^ossan   is  ion- 

i.iii,',l.   ihi ills  to   In-  till'  lai-ist    ,'s|ii.s,ii.    III    01,'    111   till'   ilistiiit.      Till     lull   oil    uliiih 

ih"  stiipiuiiL:  has  I,..,  II  iliiiii'  iisi's  L'.'.ll  li'i't  ahoM'  I  hi'  valli'V  ol  .Mi  Ciiiiu'll  ,i'.  I'k  1,1  t  liu 
soiit  h\\  ost . 

■|  h,'    iioiii,'    III    1   iiiiU'itioii    uilh    th,'    ,■ 11    this    piop,il\     is    i,'r\     liii" -ji  aimii    ami 

iiii\rd    with    Iraniiii'iits    ol    olhrr    10, k,    almost     lortnii.i;    a    roii'jloiiii'iati'    uith    a    iiiatrix 

ol    mil  ill'        It    s,,'iii^  I,,   h,.  hioki'ii    or    ,i,,-s,,l    h>    -,,1 lik,'s    ol    -raiiii.     ami    patili,s   of 

ur,  I'listoii,'  .  ami  thi'  ailjoiiiinu  mrks  mi  '.ii  aiuti'.  otii'ii  pi'^iiiat  it  1,  am!  LLiii'ii-toiii' : 
till  s-  1  Ml,  I  oiks  iiiilosiii^  till'  niissaii  hill  oil  t  hii  ,'  -nil's,  soiitlirast ,  mirtlii'ast  ,111, 1  iiortli- 
Hist.  IliTi"  HI'  mill  a  lartjo  ore  lii'posit  iaii;;ht  111  a  sharp  aM(;lo  wln'ro  tlio  (iabbro 
piisliis,   into  till'   iU'i)ilihoniiy;   lock,   as  happ,iis  .-o  olti'ii  ilsi'ttlitTt'. 

'Ihc  ores  ol  the  IJIiie  lake  r(-};ioii  ar'  liko  tlii>s('  ol  nthcr  parts  of  I  ho  district  in 
most  respects,  llioii^ili  the  pyrrliiitite  is  apparently  more  iiiunnetic  than  elsewhere. 
Masses  ol  the  ore  near  Hliie  lake  ate  lairly  strmit:  natural  niasiiets.  readily  attractiiis; 
the  I'oiiipass  needlt^  and  holdini;  iron  iilincs.  hut  tliey  are,  of  (oiir.s,',  far  siirpasesd  in 
tills   ri'speit    hy   magnetite.     Some  oitaheiira   of   pyrite  are   found   111  tin-  pyrrhotito. 

I  Iks  strini;  of  small  lakes  'nontioned  ahuve  follows  in  a  general  way  the  hiwiic  edge 
ot  the  iiickel-hearinn  eruptive,  as  if  that  were  most  easily  actet;  on  hy  weather,  and 
thi'ir  western  shores  often  I'on.sist  of  hlulTs  o!  icddish,  syenitic-h  ikinf;  rock,  the  more 
ai  id  and  also  more  resistant  phase  ol   tl niptne. 

I.eavinR  the  Whistle  property  ^loiiej  u,-t\vard  the  contact  is  toiind  forty  pacivs 
north  of  the  northwest  corner  post  ol  lot  7  111  the  tmirth  roncession  ot  .Norinaii.  The 
Kroiind  siicceediiif;  is  low  and  drift covered  tor  nearly  a  mile,  with  no  outcrops  of  the 
hasic  edije  till  near  the  line  hetween  lots  '1  and  In.  where  the  coniact  shows  with  a 
tost  pit  and  possaii  "Jhi  pans  south  of  the  mutliHest  1  orner  post  of  1,,;  !'  in  the  fourth 
concession  To  the  we.st  this  outcrop  is  fnllowed  to  low  ground  at;ain  with  i;ra\el 
deposits,  hut  the  norite  outcrops  south  of  the  nortliwcst  corner  post  of  lot  HI  in  tlie 
fourth  coneession  at  IHl  paces.  On  follow iiif;  the  uniut  line  halt  a  niih'  to  the  »e.st 
between  lots  11  and  1'.'  north  from  the  post  at  the  houth  boundary  of  the  fourth  con- 
,',.vsi,,!i  a  small  t,-t  pit  in  a  body  ol  ore  was  encountered  at  l.!Uii  paces,  '['h,'  l.au- 
i-i'iitiaii  licre  contains  uood-si/.ed  haniU  of  ureen  horiible'ide  schist  lik,'  that  which 
ni  conipaiil"s  the  Mutton  inaiiiietic  ore  deposits.  The  Laurentian  was  also  found  \f>]f> 
paces  north  of  where  the  houiidary  of  Wisner  and  Norman  crosses  the  Vermilion  river 
in    conci'ssioi,    f,,iir. 

The  arid  cike  of  the  eruptive  wa.s  iraced  soiithwaid  throueh  Nornuin  and  t'apreo! 
to  th,'  sill, I  ami  L'tavel  )ilains  which  hide  the  hed  rock  in  (iaison  township;  and  the 
relationshoi  ol  t  h,'  eriiptne  to  the  overlying  sediments  was  the  same  as  has  been 
(iescrihed  in  otlnr  townsliips.  .\  noixl  expo,sure  of  the  contact  is  seen  on  the  road 
north  from  l>awson  toward  .Moose  mountain,  .vliere.  a.s  on'  advances,  the  tuff  takes 
on   the   character   ot    coniilomerate.    and    then   of    '■  -ulder    coimlomerate    with    a    felsitir 
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,..,„.,,.n,.s  .K-foro  the  e.,«e  ...  ,..o  ..rnp.iv..  i.   .M     ^'^  ^'■'-;;;':J';;j:'Z^  ':!!, 

,„„|   .„„.'o,„..n,tr.   :.,   w.ll    .^  d    -I,,-  ..rni-n,..   r.r.   n..r,l,     ,...1     ■  ut  1 

.„    the    I..MW     evidently    conlorini.,fj   hon-   a,    cverv^hrr,.    .1-,    I.,   tl,.-    .lir...,  .i,    n     m 

;;,„.  or  Contact,   sh„w,n«  a  .l..o  r..lati„.     ...«,...„  th.    1. 1   -t,,k tl -!>...« 

M..Um.'nts   and   the  lino  of   outcrop   ..i    tl,.'   I,a,in-shal..   1   eruptive  ^heet. 

N.     ,„■..  d..poMts  an.   kno«„  on   the  acid    cd^.    .•    'hi.   -nd   ot    the   ,„.  kcl    helt,   hut  a 
so-called  nickel  mine  was  found  not  lon^  a...  at   .h.-  ca.t  end  o>   (.„wa„„  laUc   lu   hlack 
.l.,t..      T".i  openiiiHK  nia(h>  hcf  show  onl^    iron  pvntes. 

South    ot    the   Blue   lake    region   the   wide    gravel    plain,    iclcncd   to    n.    the    accoii.a 
ot   the   northeast   end   of  the  southern   i^'kel    ran.e   niterw  uc   l....«...n    the  '»-    -'"^^ 

for  about  two  mil«..  leavin«  the  exact   houndary  at   .his  point   -  ..new ha     '•">>'*''■«" 
;,,P   ,„ap   the   Loundarie.,   have   l.een   connected   -r    «!        see,,.       the  m.^^t    prohahlo  way. 
The  detailed   acount  Riven    in   the  foreRoin^   pa.-s.  showini,  the  "f  ""'^^.^V;'' 
..asic  and  acid  edges  of  the  nickel  eruptive  round  the   whole  haMn      >i,d  ™"""-t'"R  "P 
:,i:;  :ere  tormerrv  spoken  of  a,  the  lua.n,  or  southern,  ran^e,  »■''' /'^  "-^'i;;-  ™; 
nrike   it   clear  that   we   have   to    .lo   with   a  ......le  ^heet    of   eruptive    rotk,   ^'^'^>"f*'« 

d  ping  inwards.  ThU  was  originally  uried  under  thick  sedimentary  -ks  ut  s 
,,'w  cM.o.ed  all  round  the  ed.e  hy  their  wenthcnn.  -u-l  ■I  -nnfon,  laying  ha,c  the 
eruptive  f^heet  which  had  slowlv  cooled  beneath  them. 

OTHER  NORITH  OR  oABBRO  MA5SH5 
,„   addition  to  the  great  nickel-bea,  ,ng  laecolithic  sheet   which   has  J'-'  ';-"  ';- 
crihed      there     are     -umerous    other     outcrops   of    non.e    or    gahhro.   or   ol    gieenstone 
pr  ilv  resulting  from  the  alteration  of  gahhio,  >.-,  the  district,   many  of  t  u^  having 
been   mapped   hv  Dr.   Hell    and  colored  in   the  san,e  way    a.,  the  nick.  1-eruptive^     Most 
tise    basic   eruptive  masse.   ,ire  elongated    parallel    to   the   strike   o.    the    adjoining 
;;lks    which  IS  in  general  parallel  to  the  edge  of  the  nickel-bearing  eruptive    and    n 
„n„v    .-..es  small   pc.kets  of  pvrrh..tite  ..nd     ,hal...I>vrite     oc.-ur     m     tl.cn.    hut     aUv.i> 
':     :„  nick:.    'hL   the  deposits  of  the  main   nickel  range,  an.l   up  to   th.  pr<*ont  o 
no  practical   importance.     The  bands  or   b.^ses  of   gahhn,   u.   -lue.st.on   are   P-''-''  -^   'J' 
ater  in   age  than  the  enclosing   Huronian  ro.ks ;  but  there  are  also  greenstone,  closely 
!."nnect...l   with   much   altered   parts   of   the    Huronian   .ediments.    which   .M.m   to  be   of 
the  sam.'  age. 

Uhat  relation  the  isolated  gahhro  areas  have  to  the  ''•'■'^'■' ^■'^'"\'""^{';':^  " 
uncertain  though  thev  appear  generally  to  he  ol.h.r  than  the  n.c'ul  r.-.k.  1  os.s.bly 
thcrleut  earlier  eruptions  from  the  same  mc  ma  before  f"^^^'"^-"^^^ 
far  or  p.>.s,blv  they  are  segregations  fr.,m  the  magma  ot  a  medium  acidity  P-  '-alb 
fee  fron,  the  Milph.des.  In  many  r.^peots  they  differ  greatly  from  the  -^^^^^  ^'J^^ 
su.h  a.  the  lack  of  ore  and  of  a  differentiation  into  aci.l  and  basic  phases  on  any  large 
and  regular  scale.  Until  m,ue  ,u„e  has  been  .h.-otcd  to  them  th..,r  .haracter  in  many 
points  mtist  remain  doubtful. 

,;„bhr,v.  of  the  kind  mentioned  .)c.  nr  from  Kal.onhridge  township  -"th"-'  '-' 
N.irn  t.mnship  and  locations  lor  ni.k.^l  have  h.-n  taken  up  on  many  of  them,  but 
^  t  u  .mp..ruant  results  up  to  the  pi.-ent .  Thev  ar..  confined  to  the  Hur..ni..n 
:.:!,.;„  .,uth  and  sou.hwest  of  the  main  ni.k.d  range,  none  being  known  from  the 
La~urent.au   areas  to  the  north  an.l  nortjiwest  or  to  tl.e  southeast. 

To  give  an  idea  of  these  rocks  the  best  km.wn  area,  hing  to  the  ea.st  «nd  south  of 
Su.lburv   will    be  described. 

The  Sudbury  Oahbro  Area 
In.t    to  the  east   of   the  town  of   Su.lhurv.   beyond   the   creek,   an   irregular   mass   of 
„nis  1!:  rrlvines  and  embayments,   ri..  to  .   height    of  .ner  ...   feet     having 

an   area   ot   about   four   square   miles,    and   ..n.lmg  a  tonu  ■..   hve   n.dcs  so,„h..ast  along 
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I  lie  lii'i  tliwi-t  .-lidic  (ij  Ki'll>  liikf.  'I'lio  ri"  k  i^  uiililifd.  ii-iially  inuili  Mtatlifri'd.  iiiid 
v\li<ii\i'r  til)'  adjDiiiiiiu  II  iiroiiiaii  M'(iiiii<'iit>  arc  Ioiiik]  hi  roiitac  I  nitli  it  alnii^  t  hi) 
'■ili;i  -  tlicj  arc  tilted  up  to  tlie  virtual  or  even  slJKhtly  (ivorturiied,  so  that  tho 
eruptive  1-  dearly  later  than  the  Iluronian.  On  thi'  west  and  north  of  the  main  arc  i 
anil  alont;  the  noithwe-t  M(Ic  oi  tho  Kelly  lake  extension  tho  adjomiiic  roek  is  well 
.stratilied  ^raywaik.  with  Niaty  layers;  on  the  sovitli  so  tar  as  known  tho  sediments 
are  jjraVHacki'  < 'Hit  iiiierale  later  in  age  than  the  tornier  roiks.  The  east  side  it 
the  irupliM'   mass  has  rioi   liien   studied   in   any  detail. 

The  laciolilhic  relationship  of  this  niasri  is  pretty  certain,  hut  its  form  is  verv 
irnnular,  and  there  may  really  have  heen  a  Kuceession  of  laceolithie  flows  instead  ol 
a  ^iiinle  ^u>tained  iirpptKii  ot  niauiiia  into  the  Kodiments.  While  the  whole  mass  v»  as 
prolialily  domed  over  with  sedimentary  rocks  in  the  lieKinning,  there  are  now  very  lew 
reniiiaiit-  ol  them  left  e\(ept  some  stretcheR  which  rise  well  up  on  the  flanks  ot  the 
hills   Imt   do   not    reach   the  top. 

Kar  the  greater  part  of  the  rock  i.s  a  ^reeiiivili  liray  (jahliro  in  which  the  pyroxenes 
have  mostly  weathered  to  linrnhlendo,  though  one  s|)ecinK>ii  proves  to  ho  norite,  of 
a  (inite  dilf' rent  kind  from  the  norite  oi  the  nickel  eruptne  It  has  not  tho  dark 
color,  tho  lilue  hielis  of  ipiartz,  nor  the  mua  which  rh»r»clerizc  the  nickel  range  norite; 
it  is  never  ■poikniarked"  with  rusty  holes  from  wheti  ore  has  weathered,  nor  has  it 
);os<ian  or  dcpo.sits  of  ore  around  the  edKo ;  thouKh  a  few  small  outcrops  of  ore  o<iiir 
away  from  the  ed;;e.  It  shows  no  tendency  to  have  one  side  acid  Bnd  tho  other  basic, 
though  there  are  larno  acid  segregations  in  many  places  on  top  ol  the  range  of  hills 
near  tho  centre.  If  the  hand  is  laceolithie,  as  it  appears  to  be.  and  similar  to  the 
main  range,  the  acid  portion  should  be  at  the  top.  with  gradations  to  a  basii  portion 
with  ore  at  the  bottom.  The  latter  part  may  bo  hidden  below  the  surface,  and  the 
acid  iiegre(;(,tions  on  the  tops  oi  tho  hills  may  correspond  to  the  acid  edge  of  the  nickel 
eruptive,  though  very  different  from  it  in  character. 

The  acid  ^ogregatioiKs  are  very  curiou^,  sometimes  ha>ing  the  look  of  gigantic 
concretions  wiMi  a  ring  of  green  hornblende  round  the  edge,  followed  by  white  plagio- 
clasc.  which  may  become  pegmatitic.  and  finally  enclosing  more  or  less  qn.irtz,  the 
whole  mass  being  from  a  few  feet  to  •")()  yards  in  diameter.  Tho  hornblende  crystals 
are  often  .several  inches  Icmg.  blade-like,  and  in  cross  section  may  have  in  tho  interior 
a  negative  crystal  form  tilled  with  plagioclase  or  some  other  white  mineral.  tiood 
examples  of  thc>  segregations  ,nre  found  on  various  hill  tops  east  of  Sudbury  and  lor 
half  a  mile  or  more  along  the  top  of  the  ridge  near  Kelly  lake.  In  the  latter  region 
tbev  loll.  »■  a  general  direction  alone.;  the  centre  of  the  range  of  hills.  thoiiLili  the 
mas^ev  cif  white  minerals  are  not  iiiiinected.  The  largest  known  south  of  Copper  Cliff 
is  used  as  .i  soincc  of  ipiari/.  for  eonverter  linings,  and  already  a  great  mam  tons 
of  nearly  pure  quartz  have  l)een  i|uarrieci  from  its  centre,  leaving  the  more  felspatbic- 
portions  as  the  walls  of  the  pit.  with  nn  outer  rim  of  hornblende,  the  line  of  iiii\t'ire 
forming    the   rock  fiometimc\s    called    nialchitc. 

It   i-  possible  that  these  areas  of  plagicHlaso  and  c|\iartz  rc-present   masses  ci    luarr/.- 
it  '    I  II.  lo-erl    in    the   gabbro    and    ■  cmiplefc  ly    re-cTy-tallizccI,    though    there    i-    n      ilinct 
eviileii.i.  ol    •his.     They  seem   to   bo  analogous  to  the   malchite   masses  Hith    hoiii.'       ' 
cry-t:iU.   wliitc"  yibigioc  lase   ancl   some   i|uart7,   along  the   edge   of  the   main    nickel    rair;e 
at     Miiri.iy    .end    KKie    miners-,    and    the    same    cause   mot    liavi>   procliieecl    them    in    ea' li 

ca^e        U    tile   exaciiple^;    fr'Hii    Murray    mine  clearly    ba-.c   nothing   to   do    witli    fl | 

ecli:e  of  the  eruptive,  which  is  four  miles  away,  we  must  conclude  that  tin  mmli 
larger  m^cc  of  white  segregations  in  the  Suclbury  laccolith  are  probablv  not  the  ecjuj. 
vab'Mt   ot    the  acid   phase  of  the  nickel   eruptive, 

Heginniiig  at  the  north  end  of  thc^  Sudbury  l.ii  c  cilithie  hand  ulorc  the  rugi'ecl  lull 
sinks  northwarcls  into  a  fwamp  followed  by  tho  creek  in  concession  V  of  McKint,  we 
find  a  rim  of  cp'.artzito  or  graywackc>  with  fleams  of  slaty  material  niiiniiic  all  along 
flic-   llank  of   the   bill   .iii  1   bawnc   a   c-triki    ..f   '■.f>*^  with    nearly    vortical   dip,      I'.i"ing   t,. 
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the  »tst  and  si)Utliwt-.t  the  lull  «li>|H'  on  the  lino  Ipctwi-ori  c-olicwiinii-  l\'  and  V  vlnms 
((uarfzito  i>r  ^raywinkc  tiltid  ri)iiiiil  «o  as  to  have  a  striki-  ol  li»"-  witli  a  .li|i  ul  •<(<• 
to  the  north;  Imt  thrrt'  lia<  Ihtii  (jroat  (listiirliatiir  lnn-.  l)l(nk<  ul  tin'  scdniH'ntary 
rock  licing  <arrieU  otf  by  I  lie  (juMno.  I'arthcr  to  tht'  soiilhwr-t  ihc  .-rdimrnts  Icun 
annitist  thr  naliljro  iij  a  iiior<'  iiornial  nay,  with  a  strike  ot  '■i""  and  ~tf<p  dip  tii>noath 
the  eruptive;  and  just  ea>t  nl  Siidlmry  the  same  relation  is  loiiiid.  except  that  the  dip 
is  70"  or  80**  to  the  ea*t.  i  e.  under  the  lareolith,  the  eruptive  j;ro«inn  finer  (jrained 
a>:ain~t   the  quartzite. 

A  little  to  the  south  near  tlio  corner  l)el\vc>en  lotoi  4  and  •".  eons.  Ill  and  IV,  a 
wedce  ol  the  seilinientary  rock  runs  a  little  north  of  oust  for  nearly  a  ipiarter  of  a 
mile  hetoro  it  leather-  out  on  top  of  the  yaMin).  Still  to  the  south  a  valley  runs  into 
the   hill-   III    the  saiiio  direitioii.    perhaps    Meatliered   out    of   the   •.ediineiit-,    thounh    drift 


Hill  east  "f  Sudliurv 


iliiretioiiarv  Htrurliire  in  h!alil<n 


covers  the  solid  rock.  To  the  south  ol  the  valley  the  nalibro  shows  no  rim  of  quartzite, 
and  near  the  Canadian  Pacific  railway  it  seems  nearly  cut  off  from  the  long  band 
running  towards  Kelly  lake,  (|uartzite  being  exposed  considerably  to  tl.o  east,  though 
not  seen   in  contact  with  the  eruptive. 

I'he  relations  on  the  east  side  of  the  Rabbro  area  have  not  been  studied  ;  on  the 
south  we  find  graywacke  conglomerate  later  in  a^e  than  the  quartzite  for  the  most 
part,  but  rut  by  the  gabbro.  Some  strips  of  quartzite  occur,  however,  north  of  Ram- 
say lake  and  the  railway  against  the  gabbro  :)r  upon  its  southward  slope,  one  such 
-trip  only  ten  feet  wide  running  for  some  distance  in  a  direction  of  X  2')".  The 
■nntact  with  the  gray.vacke  conglomerate  and  patches  of  quartzite  along  the  south 
side  toward  Ramsay  lake  is  somewhat  confused,  blocks  of  the  sedimentary  rocks  being 
en  'osed  in  the  gabbro  for  100  or  even  200  feet  from  the  edge;  and  a  band  of  conglom- 
erate r  for  nearl.v-  a   mile,   with  very   irregular  boundarie-.   between   the  main   mass 
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;;it;;;;:;;:::"r;ir::;;,r:r^tr;r^,...t:::,:-.ir:i^;" 

i.utlu-it^t    nt    tin-    mlut'    otil 


!   \  urtii- 

On   the 

thr  shore   ot    Kollv   1»U..    has   l*on    stiKli.-l,    ..nd   h.-re    the 


!;,  ,w„  points  an<l  are  fou.,.l  aeMM.t  the  cddo  farther  northeast. 

■    .       .   I.„.M.    M.  this  h.iiil  ol  i:ahhrn,  on.'  east  ol   hiidhur\ .   tli.- 
Or.-  o..ur«  at  two  po.nts  at  h-ast   .  .  this  h,  .       ■  .  ^  ^    _^ 

„..,h  son>o„uart.;  hut  the  amount  f /-;7™;/;';'^.;;,f  7,"*  McKim,   near  the  nuddle 
The  other  outcrop    s  on  th«   n^rth  half  of  lot  •).   <on.   ii,   ."in- 
.    .,  Ih  ,.   h   „d     »her,.   ther-  .s   a   .onsi.lerahl..  Mr.tch   of  Rossany   surface  contain- 

""     Since  many  strippinR«  and  small  prospect   pit«  have  heen  opened  on  th«^«  ""'"'^^ 
...Kresafon,  or  that  the  ore  is  at  too  great  a  depth  to  be  v.s.ble  on  the  «u  fa^. 

pyrrhotite,   hut  the  amount  is  too  triBinR  anu  me  graut, 
tli.in  of  value. 

Older  Norite  and  tlreenstones 

MouR  much  of  the  southern  nicWe.  ra.^  and  .  a  ^^r^^-^:--^ 
an   ..xtraor.Hnary  mixture  of  Rreen    -^.f'^^.J^^i^'^^l'bee,,  referred  to  from  point 

rr::-L:r:trr-^^;:^StreJ^^ 

The  pillo.   structure  is  supposed  to  be  duo  t..  <l"«^«-«;;  ^J    "^J^J  .tr^^-'n^X: 

lt,..»» ,  I,  J  ".  -<!• "'  '■>"'■"-' ""  ""•"•""■"•,■,'>,""■;';.::;;" 


;o  uoi»«naou»o  am  ui  i|nsai  ujm  ami} 


|Q()5 


Fruptive  Rock<t 


I  111-  urc.t  ina-,  ul  tin-  iililir  iiiiriti.  i-.  Ii.iwrvrr,  iiol  pillow  liki'  ikjp  iiinVKtialoidal, 
proliBlil.v  liiiaii-v  tlicsf  striU'turwi  nri'  loiinii'd  i.i  t|i>>  miiIihc  ul  lmi»  Mows.  Ni>  distimt 
lava   slitcih   ul    tloM-    han'   lutri   (listinniii~li.il     tin-   vanitii^   ot    rock  iiifiitioiird  seeming 

ti>   I.I'    iiiiM  ni  iilil\    iiiixf.l   tliri>iinli    till-   laiui-  ai iiit    nl    laiiltinn   ami  l)ri-<-<iat  ion    which 

tho  region  lia>  iiiiili-rtcuiir  In  iiiunI  i  aMv<  the  ulilir  in.ritti  l^  larudy  changed  to  horn- 
lili'iidir  rocks,  anil  aliiiust  all  tlic  Miihiics  im  n  ..|  tin-  Ircslii-st  iioritc  nrt^  cruiiBed  hy 
niinicroiis  liamK  nl  darker  niccn,  iniiMst  inn  il'iiM\  "I  lu.t  iiMcinlc.  wlnic  liisiiroB  pcr- 
(iiittcd  water  to  percolate  so  »h  to  prmliice  a  vamtv  i.l  i  liaiiue  uoiiiK  on  at  con«idi'ralile 
il.pil,-  1. 11.11  cnloiinded  witli  uiallicnnu  I  In  s,-  l.aii.ls  Hiili-n  iiiid  lie<  oino  more 
niirin-iiiiis,    until    linally    the   rock    lia-    .  Iiaimi  il    tn    lti  cT.-t..cc   ..f    lioi  iil.l.-.iil.-   purphyrito. 


rill.n\  -Iructiire  ill  .il.li-r  ii.iritc,  ni-;ir  IJ-ic 


111  iniiiiy  cxaiiipli-b  till-  general  rock  is  oldi-i  nonte  nitli  larjie  rlinnilinidal  crystals  of 
liornlilendo,  often  surrounded  liy  a  narrow  ulnte  run,  scattered  tlirouKli  it.  On 
weathered  surfaces  these  crystals  and  the  hornl.hnde  seams  stand  out  a  ijuarter  or  h.ilf 
an   inch  above  the  rest. 

The  older  nonte  is  closely  associated  with  sinRular  Rfeen  schists  or  greenstones 
fille<l  with  white  pea  or  hean-like  spots  of  quartz,  which  may  he  a  variety  of  the  lavas 
or  a  greatly  nietaniorphi»-ed  sediment  All  grades  in  size  and  complexity  are  found 
hetween  the  tiny,  hoinoneneous  "peas"  and  concretionfi  two  inches  in  diameter  with 
dark    horiihleiiilii     lonln-s   and    white    hordcrs.      Beside   the^o    doubtful    rocks    there    are 
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aU,  K..M,..   „m.1..mM-.1  -..I ".-   «r,..v»H.U..  o ....../..fr    kui.l     .  ,,.  U^-l   ...    tl..   ...... 

,,, ^  ^„...„. -  ....  ..M..   .••■  ' "" ' •'  '•■ '■"'■ ' 

iT'i;';...,,.  „.    .u,k,    ,.   ..I     .    -,>    ..M-...,,.    .....u,..    an.l   . -. 1>    --.'-U   ..,.    »!....« 

,,„.  i„«  1,!:.,.  ..k.. ...  .1,. ..I.I  .....u.', ««-<i  i.^'i- • - '" "  "»""* 

I  ,  ;,     |,„(    ,„  ,  „vi,,|iiill\    a    II. il'-    ..I    "iiltll. 

DisiHiiu  HON  •»!   (>i.i)i;k  nohiii:  ami  <ihi:i:nsh)ni; 

n,.,  „M.M    m.r...    .s   .....iK    ,li^.  i..^im^1..-1   Cn.in    tli-   nor, f    tli.-    ■   .-du-  -f  the 

„„k.M,.:.ri..«   .n.p-.-,    I..IM.    li    hi,.r.un......l    1    .—  ■ '    I--     "■   >U.,..u:.U, 

.,    „  n;n...>rn,...l  l.^ I.-'L.,- ■ l....nM.n.l..   m   ,U...  .,   tl,.^   ,.M.,x-m.s       W  h- 

, 1, ..,-.,     ,.      ,„,     ,1,11: 1.1     I |.-..'i     It      kIoIIR     With 


,.n    ,,1   til..    Ik..iu.  .1    .'.     "■■ "-    '•"■'■ 


WriillirriiiL'  ..I  Ni.rit.-,  .Miiiiltoiili.i  aii.l  N.irlli  Sli..r.-  Wy. 

tl,..  ,.....l..ct.  ot   it.  alt.rafo..;   t.i.t   «l....o  ..11  tnuv  «1   the   norif  .....1  of  the  Pilh'*   »"<! 

V,        .ulal    .triKtur-s   hi...   van.,sl....l,    i.    be. ..-    .loi.l.tfi.l    wl..th..,-   the   rook   should 

;;  .u  ..d  w..h  th..  olucr  ,i,„..o  o.-  not.  Mu.e  ,h..,..  arc  n..-....rou..  Land,  of  greensto  e 

Ll  lior.iliUn,,..  po„.hyrit..  »..h  coHMderahle  -.uar...  in   tlio.r  constun.ion  that  probably 

li.ivr   no   r.latioM  to  an  orij;.nal   norito.  .    ,       -it,    „   ,;♦„ 

|„    ,ln.   account   of   tl,..   distribution   only    ^.r....n>.oii,.    found   ...nnoct.d    with   nonte 

,„    „,„.   ,..,U,w  lava   «,ll   bo  ..ins.cl.Tod  to  belong   to  tbc  series.     Tl.cy  have   bc-en  tracked 

,„,  .,„„  .  .arc.  al.u,K  the  ni.k.l  range,  but  have  not   alway.  boon  mapped   to     >'e  «out»,^ 

hu    11,..  wi,lth  of   the  l.aiul    ,.  often   uncertain:   and  they   hav  not    boon    cK,ked   fo 

;,   ,1,  ,,   a  distance  from  tbe  „i,k..l  range,  .o  that  other  areas  may  exist  in  the  district 

,„.t   ,l,.ti,>^uishod   from   the  <  ommon   gr....nstones  and  groon  schistR. 

,V.,„i,ing  at  the  west   .■.,.'  ..f  the  .li.Uel   range,  ther,.  ar,-  line.gra.ned   nont,,-  r..  ks 
,.,,.,.,1  Twib  xanous  grocns,on..s  a,,  if  the  matrix  of  a  crush  cond.m.eiate  at   the  Miltana 


JO  uoit«Haon»o  ay  ni  unsaj  \\i/ii  ami> 


VMtS 


i:ruptl\e  H<K:k» 


.SI 


,„„„,     |,„l    .1    is    .luiil.tlul    .1    !!..■    lull    -li.".M    I-    .1.— .1    "I'l'    'I"    "I'l' ""■    ''"■ 

,x,,„al    -It,,,. Ml.-,    ii.iv..    n:<    I n    ..l.-i«..l      ..n.l    ili"    -.n,..-    ......     L-    .,.1,1    ..I    t'-r" - 

iIlillU    at    II,.'   t  l,„.,U..    »'"l    Vi'tiiiiM    11,11,1-    a-    ».ll    a-    ll,.     \.iM,ll,.,n 

\\ „„      t,,     ,l!„l,.„l,l..|     , ,1,1.1      I,. •Ml.-     Ill-t      Ml     ll,-     M.lM,t\     Ml      111'       (.'MM,,!.-     11, U,.'     II, 

,|.„    .,„i.l,.-....    .nriM'i    .■!    «Mik,l' '"«! '■    »'"■"     ''"•    ""'>    """"''    "'"'    «"•■"-'■""■ 

,„„-    11. .1,,    ".-I    ot    tl,-   ■ I'l'- I""'    ••'   »    1 ''    '"  "    ''"     ""l"''^     -1,1,  ■!,      a    .ll-l. ,■!,.■ 

.,,    ,„„-!|,ii,l   ,.l    , I.      uilli    1.    I., .a, III,   ..1    •..■^.•lal    l.„r„l,,.l    val.l-         \\l„il,.l     tl,.'   nl.-.-ll- 

,, ,1,1,1,   .X. .11.1-    "i.l.U    I.,  ll,.-   M.„lli   l„l,.li^.    I.,   M     I-    „ a,„      al„l   ll,.^i."M-' ■•« 

,,|,.„u    ll,..    Mal.ll .l,'l     N"l'li    ->l'"l'     la,l»a>     I.,    ll,.     .    .-I     .,1-..    a,.-    .l,,„t.ll,ll       L"!     I'.-' 

,,,  til,,   ,.,,,1   ,,|    ll,..   („rli,,.|..   |,,,-|,rix,    «li.r..   ll,..   inar.^ii,   ..I    ll,.'   ••»-i'    "li:'     l"'i"l~    i'""'' 
„al,|    ll,..i..    1 all    i„,l..    ,,1     Lil.-.  "-t ■    mix...!    »lll,    ..M-i     i I-    '■■    '1'"    ■""'I'    "'     '''" 

\1    (  i.ml,l,.i,   man, t.. 1,1   um'i"   'Nl-   .,111    »l t    ll,..    «l„.l Ill-   irn-ii.-iiMM.   M-iir. 

ai„l    l„.   ..Iil.l     II., III..    I, a-    I....I,    111, 11, . I    lal»...li    -1,1,    ali.l    N.iMl,    Mai.    »l,'-l-    a   Mi, all    ^U  ,\, 
I,..-    |„.t    -,„illi    ,.l    111-    I,  ik.l    raiin..       Tin.    i,"k    1-   'lii'lU     .Ziaiiit.,,,!   i:i"i-    ai.,1   maiiH.. 

„i,|,    ll,,,.   i..,,.,.i,.l ,    Im.|«....„    N..III,    Si.r   ami    il,r     'i..  .1    (  .  |,i,.i    «  lilf  .•tr.,i      .,.,.1    :,,,.■ 

<,t   llic  nlil-r   lii>nl|.   lias  lifcii  (iliM.rvnl   t.)   llif  « -.-t   nt    i' 

•.l„~t    ..«s,    .,f    No     •.>    mill.,    ai    CnpiH.i-    Clilt    a    i  ,„.;..    ..I    :ir   'H^t lull-    1,-IiM-    a.,. I 

,.\l..|i,U    iiiiilliwar.l    with   ^.,l„.•    ii  i..«iiImi  it  irv    Imt     -ran. Is     iiii\     iiit-i  riil.t  n-n .     In     M-"' 
an. I    Miirr.v    iiiiiir".   »   .li^'Hii,.-   iit    l,i..i..   Hiaii    t«i.    mil'-     "I'li   a    l,i..i.llli   "I    lialt    a    ii,.!.. 
„ii   111..   Hv.racc      Mmli   "I   tin-   »r'ft    i-  typual  ..l.l.r    ii.'rif   m    -li.i«^    |.ill.>«    -trii.tiii,. 
s.,  tliat   there  i-  no  il'iul.t  nf  it»  |..,sitinii  iii  u.iM.ial  ,   l,,ii    tli-i-.  air  .  ..n-Kl'Tah!..  pat.  li.-s 

,,t    -..,ii, ts.    <|iiart7.1l.'   i>r   «r8.v»B.k.-,    ..ik  lo.s...|    in    il  .    ami    tli..    >.iiiiii:i.|-    uiaiiit..    mm.., 

I,i.t«t.«'ii  it   RliJ  the  Iinki'l   rantji'  tthrro  tlir   nff^-t    jniii-  tin'  main   rniiK'' 

N.ar  Murray  iiiin«  a  larit..  ma-  ol  uraiiit'.  ,,it-  "It  tin-  i;r..<Mi-ti,ii..  ami  as-i,(  latiil 
r.'.k-  lunninti  hptwcvn  th-  Ki'Mi<l-Str.l,i.'  .itf—l  ami  the  iiiaiii  laiii;...  hill  iiniii<.,liat,.|v 
m.nli  ..t  Stohi,.  tho  older  norite  and  k;ie..ii-t,>iie  in  a  typi.al  tnriii  ri-e  as  riiKH..<l  hilU 
ami  evtend  to  the  'ittle  Stohie.  Mt,  Ni<  k.l  ami  lll../,ar.l  inin'.s  «illi  a  l.nuth  of  :i 
mill'   and    hreailth    in   pla<'<M«  of   more   tl  Ul    half   B   mile. 

Heyoild  this  toward  the  norlhea-t  the  ,(imitry  is  larH'ly  lovered  with  swBiiip»r 
drill  deposits  aloiiR  tho  margin  of  the  nickel  rBnue.  and  not  iiukIi  ih'tail.d  mappiiitf 
has  l,..en  done,  hut  ureeiistoiies  are  known  to  orriir  at  m.^iiiv  points  aloiiit  th.'  rBni-... 
and  the  pillow  utrurturc  has  la'en   found  near  Kirkwood   mine  in  (iar-oii  town^lll|> 

AlonK  the  northern  nickel  ranRe  the  older  norile  and  pillow  hua  have  heen  oh-erved 
only    at    one  point,   north    of  .Joe's  lake   in    Wisn.r  ,,,wii-hip.    Imt    no   -p..  ial    seal,  li    has 

I I,    „,>„h.    lor    them   elsewh..!'...       However     tli.i..    i-    ■■u    ll,"    "hoi.'    miieh    l.-s   likelil I 

of  Its  OKiirriiic  there  than  near  the  southern  raime.  siiii.'  the  granitoid  Kneiss  of  the 
Laurent  lan  makes  the  usual  eouiitrv  r,,.  k  with  cimparit  iv.ly  littl..  ure.'nstone  ot  any 
iIe-(  ription. 

There  i-  plenty  if  (ireen.-ton.'  to  the  .'a-t  ,,f  th..  niiki'l  rani:.,  near  Mine  lake  and 
p.unts  to  th'.  north,  hut  the  ohhr  norit..  ha-  not  yt  hi.n  ohs.Tv.'.l  there.  p..rhap> 
l,..,au.-.e  ,1  ha-  not  h.'en  particularly  look.'d  l,,r  Pillow  -tni.tur..  was  s,.en  at  one 
point    near    Ulue    lake.    howe\er. 

to  Slim  matters  up.  th.-  old'T  (or  micro  i  norite  i-  known  to  exten.l,  with  Mime 
interruption-  trom  granite  or  «ranit„i,l  t:nei--.  from  Certru.le  to  hl-.zar.l  mine,  a  dis- 
tance ot  ahout  14  miles,  with  a  Kreate-t  wi.lth  .,1  ahoiit  lialf  a  mile.  An  outcrop  has 
h^uii    lound    near    Kirkwomi    mine,    ahout    thr.-..    niiU's    north.a-t    ot    th..    HIezard    mine, 

-,  >hat  the  t.ital  l.'ngth  i-   17  mi'..'-.     It  i-  m,t  kiio«i c"'  a-v"!,.,.    ,'i  -I,.,  .l-f',       •• 

tt    distance   frojn    the   nickel    ranne,    hut    always   at    or   near    th..    mar.'.iii    of   th.-    m.-kel- 

h..arMm    norite.       It    is   hmhly    prohahl..    that    the    lava    Mow-.    .1.    .    of    tl !der    norite 

s..ri.>-    I'.rr.-ent    an  .-arlier  outhr..ak    of    material     fnim     ili..     -a'li,.     .;..ii..ral    ma.:ma    as 
siipplieit    the    nickel    eruptive,    hut    at     a    \  cry    mu.h    .arloT    ,lat..      in     fa<  t     hef,,re    the 
s..di'iicnts   of    the    interior   l,a-iii    w.t..    lai.l    ,l,,«ii.       It    tin-    -upp'-it  i„'i    i-   .  orrect    there 
I'.   M     III!) 
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«-.To  surlaco  .mMl,.».  ol    lav.  ,.|    a    ha-u    typ.-,    l.-lluw.d    l,.v    a    1,M,-   I-.tkhJ   „1    -I'M-Mfnco 

(luriiiK  whicli  tlic   m, I   nl   Milnnnit.  «.r,.  ,i..|M,Mt,,l.      A   mtcmkI   ixthhI  "t   iiclivity 

resulted    in   spr.-a,!,.,-   tl...   m.at    la,,„htl,„    >!,.  .-t    l.-iM-ath   th-   s,dH,u;>U   and   over   the 
oldiT  ■...rite,   tl,..  .namna   a^  a    »l„.l..   I..,,,-    till.    tii,,..    ul    lu.dium   l.aMcity.      h  uially     au 

a.Kl    iwiinant   ol    tli..    nia^ma    ,„av    li.w    I,..,.,,   .T., 1    lorniinsr    th-    'ator   f-ra.iHe   which 

cits   l.oth  the  ol.iii-  and  the  lairr    no,  ,i,.,   tlmu-li   tin.   i-   lun.TtaiM. 

(iranites  Near  the  Nickel   Ranjje 

Several  elongated  ar.a-.  ol  ,zranit,.  or  .vvenite  or  ni,eisM,id  varieties  of  these  rocks 
occur  along  the  southern  la.  kel  ran^e  a-  if  thev  had  some  conn.rtion  with  it.  thoush 
the  ^neissoid  ro.ks  have  fxenerallv  Keen  tlioimht  to  U-  l.aiirentian.  They  .lilfer  con- 
M.h.rahly  from  the  grayish  ,i,ediiin,-«ra,ne.l  i:nei.-e.  ol  the  l.-u.ient lan  to  the  ea^t 
and   north  of  the  ni.Uel   erii|.tive.   and  are  [.erhap.   all   later   in    a'tc 


l.;iler  L'lanile,  Maiiiloiil,,,  an. I  N.-illi  ^lloM■  1;> 
In  tvpe  the-..  loeU.  ale  variable,  niniiiiiji  Ir l.-.h-.olored  to  -ray.  from  fine- 
framed  to  .-..ai-e.  Iron,  iM.rpl,vr,t„  i..  non-por|.h>  nt  le.  and  havin-  all  decrees  of 
srnei-oid  strn.tuie.  Thev  are  .iluav.  later  m  -.Ml'-  'ln,n  .ertain  ureen^tones  ot  whith 
tliev  en.l.uM.  liacmeiits  ami  than  the  u,ay»ark...  ,|„a,tz,l.  ■•  a,nl  .late,  ol  the  Huroilian. 
Tl,..    viri.tv    rel.rr.'d    to  a.    porplunt,.-    j^raiiitoid    mie,.-    i.    lieiier.illy   older    than   the 

„e     uh.h    r,o„.   „m  ,-.•■■., md    a..a,n..    i.  ;   ho-    .!,.:v    ar..    d.,,:',,),,!    eon-a,,..   ..nd    Dtv 

Harh,«    mav    I.e    i  ,«ht    in    a..,-,,,,...:   ,t    to  nearly    tlo     .an,"    a.^,.    a.    the   n,<kei    eriiptive.^" 
Tli.'re  are  al...   reddi-h   medini.,  to   lin( -(.-rained  t;ianite-   h  hnli  are  distinctly   later  tlian 

.1,..  ,u,l...l   ,.,  oi.t.v...   sime  tliev    fr. ntlv     semi     apophy.ae    into  it     and   penetrate    it, 

sometime,    a-    h.,,.-   dike..      II. .u    1 1,.-  uran,te.   are    nl.l.d    lo  tl,..    porphvritic  -ranitoni 
H„,.ivs    is   ,„„.rtaiii.    Init    thev    appear   to   he    a    i: 1    deal    vooie^er.    a.    a    uhol...    haps 

sBOeol.   ear.   f.in.,    1904,    Part   n.   rp-  57.J. 
(ill    M.    (IN  ) 
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later  outflows  from  the  same  magiiia.  It  seems  as  if  granitic  eruptions  were  very 
long  continued  in  the  refi"..  for  not  only  have  we  the  older  granitoid  rocks  against 
which  the  norite  cooled,  masses  and  dikes  ot   granite  up  to  the  very   end  of   the 

series  of  eruptions,  for  two  small  dikes  have  been  found  cutting  the  diabases  which 
penetrate  all  the  other  rocks  of  the  region.  As  these  acid  rocks  have  erupted  at  various 
times  all  along  the  scale  without  showing  much  difference  in  composition,  we  should 
perhaps  look  on  them  as  separate  in  origin  from  the  magma  of  the  nickel  eruptive, 
though  from  a  neighboring  source. 

DISTRIBUTION  OF  ORAMTbS 
A  large  band  of  granite  and  granitoid  geniss  with  some  greenstones  intermixed 
begins  about  three  miles  east  of  Victoria  mine  and  runs  east  across  Vermilion  river 
to  the  northeast  corner  of  Graham  township,  where  it  bond^  to  the  northeast  and 
widens  from  a  mile  or  a  mile  and  a  half  to  two  milee  or  more  as  it  approaches  Creighton. 
It  forms  the  country  rock  of  the  norite  for  two  or  three  miles,  but  near  Gertrude  is 
separated  from  it  by  greenstone  and  older  norite.  The  boundary  betwe«-n  greenstone 
and  granite  is  hard  to  fix  in  this  region,  the  two  being  mixed  At  Creighton  it  once 
more  touches  the  basic  edge  and  continues  in  this  relationahip  to  Copper  Cliff.  The 
hill  south  of  Creighton  shows  an  extraordinary  contusion  of  coarse  granitoid  gneiss 
with  inclusions  of  finer  gneiae,  arkose  and  porphyrite,  the  whole  greatly  faulted  and 
crushed  into  conglomerate.  Some  of  the  gneiss  has  light  and  dark  bands  like  the 
Laurentian. 

Between  Creighton  and  North  Star  different  phases  of  granite  and  granitoid  gneiss 
with  some  greenfitone  are  well  exposed  in  the  rock  cuts  of  the  Manitoulin  an^  North 
Shore  railway,  some  parts  with  large  flesh-colored  porphytitic  crystals  in  a  darker 
ground  being  very  handsome  and  worthy  of  mention  as  ornamental  ktones. 

Near  Elsie  junction  the  coarse  porphyritic  rock  ie  replaced  by  a  small  area  of 
rather  fine-grained  bright  red  granite  which  forms  two  or  three  hills  in  the  greenstone 
series,  but  the  fine-grained  granite  has  not  been  found  in  contact  with  the  coarser 
rock  so  as  to  compare  their  age. 

To  the  west  of  Copper  Cliff  coarse  gneiss  rises  as  steep  hills  and  encloses  in  part 
the  offset  of  norite  as  far  as  No.  2  mine,  the  norite  being  finor-graijed  at  tl,r  .ii.u.;in. 
Small  dikes  of  finer-grained  granite  penetrate  the  norite,  however,  iis  ilmncli  lit.  r 
in  age,  so  that  two  eruptionr,  of  granite  are  represented  here. 

The  band  of  granite  described  is  about  12  miles  long  and  runs  rougbly  parallel  to 
the  nickel  range  and  to  the  strike  of  the  Huronian.  It  is  not.  bonever,  a  single 
eruptive  band  or  sheet,  but  includes  rocks  of  quite  different  ages,  one  cutting  the  other 
in  pome  cases,  and  in  almost  all  parts  there  are  older  greenstones  included,  wjmotimes 
to  such  an  extent  that  sharp  mapping  of  the  boundaiy  between  the  granite  and  green- 
stone is  impossible,  the  latter  rock  increa-sing  more  and  more  until  it  becomes  more 
important  than  the  granite. 

To  the  southeast  of  Murray  mine  a  range  of  pale  flesh  colored  granite  hills  rises 
along  the  Canadian  Pacific  railway  and  runs  northeast  near  the  nickel  range  to  a  point 
near  Little  Stobie  mine,  greenstone,  graywacke  and  various  schists  lyins?  along  its 
southeast  border,  'this  granite  touches  the  norite  at  Murray  mine,  and  is  distinctly 
younger  than  it,  since  it  sends  projections  into  it  The  tioiimlary  of  the  granite  with 
the  greenstones  is  often  a  very  brecciated  one.  blocks  of  the  d.nrk  rock  being  enclosid 
in  a  matrix  of  granite  which  ramifies  between  the  masses.  Somewhat  similar  granite 
occurs  as  irresnlar  bands  near  the  middle  of  the  norite  at  various  points  to  the  west 
and  northwest,  as  well  as  towards  Wbitson  lake,  and  it  is  probable  that  all  have  had 
the  same  origin  Diamond  drill  cores  show  rock  of  the  samo  kind  fom  00(1  feet  depth 
below  the  surface  of  the  norite  about  the  middle  of  lot  8,  con.  II,  in  Blezard  township. 
Bosses  of  paler  gray  granite,  perhaps  of  different  age,  appear  in  the  graywackes 
and  quarlzites  near  the  northwest  corner  of  McKim  township:  and  small  area.s  are 
found  in  other  parts  of  the  region  to  the  south  and  east  of  the  nickel  range,  but  they 
have  not  been  studied  in  detail. 
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Huronian  (ireenstones 

|„    t|„.    -k.1,1,    ,,l    111,,    iliaiartrr    miwI    ,l,~trilHit inn    ol    tli.^   .■ri.|ith..^   .>t    tin-    SiMll.ury 

,|„,,i,,     pi-,    ,.nri V   til..    niiHv    iMiimrti.nt    typ...   Iiav-    Imwi    rvhvu.i    to.    tli,.    ni<k..| 

,.vui.,nr'    th-    ^u.ll.uiA     Inrf.ilitli,    ll l.l.-r    iicint..    iiinl    a^uMiatnl   «r...'.i-t„iio,    a.ui    tl.e 

^,,,,11, ir  .u,K.  Thw..  MU.  l,H»,.^,r.  .iiaiiv  l.aii.N  or  1,,,.-,.  »i  a  pmiliar  hornblemle 
„„i,,l,M,„.   ui,l,  ,.„,,-..  in.u.l..,!  ,,.^-taU  M.iMrrini;  in   ^aMoMs   |,la. .-   Mi  tlir  M.,limontary 

r,„,;  .  ■,,,,, l,il,K    .,1.1..,-   tliaii    arn    .,1    tl luptivf,  that    liav..  h<,-u    tali,.,,    i,p.       I'.xanipU'S 

,„  ,|„.-„  ;„,.  „„„„l  lu.iti,,.,:  a,  a  v„.r.-i,m  d  MU.ill  l..„tir„lar  pat,  1,,..  l,ir  al.otit  two 
,„,i,^  paiall,.|  ,.,  t,„.  l.-M»„l-Sr„l,„.  „lf>,.t.  a,.,l  iiia.iy  .itl,,.,-  ,.„t,i,.p.  ot  tl,,.  samv  nattire 
,,,,,..  i„„  ,,,.,,,1  ,„  M,  K,i„.  tli.'  omIv  t„«„Oiip  -tudi..,!  in  .l.'tail  apait  tn.m  tho  nickrl 
ra,i,r,.  I,  ,-  hk..lv  ll-,.  tliat  tli,.  l,an,l>  ai„l  inomilar  an.,i>  of  nr,H.,i-t„n,.,  pai'tly  por- 
pl,^n,„  a,„l  lia,tlv  » n  l.oii,  pliriio.ryM-,  iM'tw....,,  tl,..  I»l„o  lak..  la,,,  of  tl,.-  nickol 
,.,i,p,,v..  a„.l  lak..  Walmapita,.  la^lotiti  t„  t  lio  sani.'  .■at..u„.y.  Tli.'y  >ivv  ..l.l.T  than 
■  „,.,,   ,,,..   „o,,t..   aii.l  111..  «,aiiit..,   tl,..   latt.T   l„ivin«  .arri...!  .-tf   Kr.'at  strips  anU  mass..s 

of   tl„.,n,  ami   ar,.  of  tl,.'  ^a liara,t..r  as   tl„.  nn.,.nsto.,...   ..ii.  1,ks...1    ,n   tl,.-    I.a„r.M,tian 

til  tl,..  «,-t    ai,,l  ii,irlli  .ll    th.'   nickel   ranu.'. 

Diabase  Dikes 

At   ll,o  otli.r  ..Ntici,,..  fr.irii   tl,.'  v.'.y   an.i.iit   liasi,-  <.niptiv..s  jiist  i„..iiti..iied,   wlii.h 
aro  so  tar  alt.r..,l  tliat   tli.'ir  .  .iiistitiiciit   iiiin.Tals  an<l  in  most   ,  ..-..s  ..v..,i  tli.'ir  .intrinal 


\\  .atlnTini.'  '>t  .tialiasf,  w..st  of  Sii.lhiiry. 
str.i,  t.ir.'K  l,av..  Wn  l..st,  «.•  Iiavo  (■..ii,parativ..ly  ni.KUTi,  am>  .is„all>  vry  fresh  basic 
,„..ks  ,n  tl,..  .l.alias..  .iik.ss  uhi.h  inteiM-t  all  th..  nnks  of  tl,-  .listri.t.  The  rock  varies 
fron,  fin,.nra,.,..,l  .ir  <o,„pa,t  to  ,nars...cra,.,..,l  in  th.-  ni,,!,!!-  .if  lar-^.-  dik-s.  and  in 
manv  las-.s  it  is  hinhlv  porphyritic.  Hat  plates  of  plasi.x  las,,  s.nnot.mw^  two  inches 
i„  l,;„„est  .liai„..t..r  I.eini:  .■n,li...l.l...l  in  a  lin.-«ra,iu'd  Kr,.ii.id.  Tlie  oolor  ..s  gray, 
wintlu-rin,.  hr.mn.  a„,l  tli..  m.k  is  sp...ially  apt  t.i  t.„n,  spl...ri..ai  sbeiis  an.i  „.  „..,.-r- 
1,U..  mass.Z,  „n  ..xposed  s,irfa...s.  Thm  <.o(ti.,„s  .show  that  the  ro,k  is  an  admirahly 
tr.'sl,    oliviii..    iliatias... 
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The  Uik.'s  are  ot  cmtv  dinuii-iiMi  Irom  papiT  tlnMiuv.s  t»  l'»»  nhkU  in  uultli.  and 
'h.y  may  have  a  lonnth  of  sfvcral  miles.  In  almost  .-vny  par.  ,.1  th,.  r.^ion  «1m.Ii 
hub  Inn  laretully  >tuiliod  Miutb  ot  tlir  main  iiuU.I  ,,uitf-,  tli.-.'  dikes  l.ave  Le-'n  loniid, 
and  tliev  appear  to  I.e  paiti<ularly  niiineroius  m  tlie  nei^liKoi  hood  ot  llie  mines,  per- 
hap.s.  ho".ver,  merely  l,eeau»e  tlio^e  parts  liaie  liwn  the  most  niiinit.ly  snulu^d.  There 
aro  tew  rotk  dumpa  at  the  mines  where  tlie  dialiaso  is  not  to  he  louiid,  and  often  the 
dikes  ent  ore.  eoiinlrv  roek  and  nonte  in  var.-ms  direeti.ms.  riies..  dikes  .u  e  -|"'iiHv 
numerous    and    interestinB   at  Creighton    and    Murray    mines,    where   they    cut    the    ore 

hodies  and  have  heen  ehilUd  against   the  sulphi.les   h,<au f   their  Letter  ,  o.hIu.M  .  it  v , 

so  that  a  Kla.s.sy  edne  has  resulted,  while  the  eontatt  anainst  the  roek  is  very  line- 
grained  hut  not  glassy.  At  Creiuhton  miiio  the  great  open  pit  shows  dlk^^B  running  •JtW 
\o^  and  a5-'  west  of  north  respi'ctively,  and  two  .likes  meet  on  the  north  side  ot  the 
ore  body,  while  another  dike,  on  the  ^outhea^t  wall  of  the  pit  hends  round  so  as  to 
become  nearly  horizontal.  A  curious  feature  of  these  dikes  is  the  well-rour; Jed  boulder- 
like  projeitions  from  then,  enelo-ed  in  the  .re.  These  pseudo  boulders  ,,,e  ...rser 
grained  in  the  middle  and  compact  or  glassy   in  contact  wit!i  the  ore. 

The  gre->t  dikes  near  Murray  mine  having  a  strike  of  12.-.-  or  130"  have  been 
mapped  by  or.  Harlow,  who  has  followed  them  from  th<-  mine  to  Kamsay  lake  beyond 
Sudbury,  a  distance  of  six  miles. 

Near  Worthington  mine  also  dikes  are  numerous,  and  a  short  distance  to  the 
northeast  near  Totten  mine  an  irregular  hill  of  diabase  cros.ses  the  narrow  band  of 
norite.  Largo  dikes  are  known  also  at  Copper  Cliff  ;  in  the  laccolitliie  band  of  nonte 
near  tvans  mine;  north  of  Chelmsford  in  the  saud-stones  of  the  upper  sedimentary 
series;  in  the  tuff  near  Joe's  lake  and  the  Vermilion  river,  at  the  northeast  of  the 
nickel'  basin ;  and  near  the  Blue  lake  ore  deposits ;  as  well  as  at  numerous  other  points 
which  need  not  be  detailed.  No  dikes  have  been  reported,  however,  from  the  Lauren- 
tian  to  the  west  and  north  of  the  northern  nickel  range,  but  this  may  simply  b.-  because 
that  formation  has  attracted  le.ss  attention  than  the  others.  The  majority  of  the  known 
dikes  are  in  or  near  tho  southern  nickel  range,  which  seems  to  point  to  some  connec- 
tion between  them  and  the  ore  masses.  They  have  nowhere  affwted  the  ore  Indies, 
however,  beyond  filling  fissures  in  them  ;  and  they  clearly  belong  to  a  much  later  set  of 
phenomena  than  those  connected  with  the  coming  into  place  (,f  the  nickel-tearing 
sheet  and  its  accompanying  ores.  It  may  be,  however,  that  th  great  number  of  fissures 
filled  by  the  diab^  ■  dikes  resulted  in  part  at  least  from  shrinkage  due  to  tho  cooling 
of  the  nickel  eruptive  and  the  rock.s  which  were  heated  at  its  contact. 

It  is  noteworthv  that  the  directions  of  the  dikes  show  no  relationship  to  the  north- 
east and  southwost  strike  of  all  the  other  rocks  in  the  region,  which  usually  have  a  more 
or  less  perfect  cleavage  or  schistosity  parallel  to  the  nickel  ranges  ;  showing  that  the 
compressive  force  due  to  the  settling  of  the  foundations  after  the  ni.  kel-bearing  magma 
h.-i.l  risen  and  spread  out  where  we  now   find   it.   w:is  then   :it    an   end 

Eruptives  Compared  as  to  Bulk 

If    we  omit   the    "ba-sal    complex"    of   eruptives.    mainly   gneiss    but    with    s 
foliated  granite  also,   as  well   as  considerable  patches  of  greenstone,   the   nickel 
eruptive  sheet    far   outweighs  all   t'  ••  other   igncou.s    r.K-ks   of    the    ro.^ion    with 
mated  ti"lk   of  fiin  cubic  miles.      In    iivenige    composition     it     <  omes     .,ear 
of  eruptive  rocks  tue  world  over,  the  percentages  working  out   as  follows: 
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Tho  eniptives  most  imui.  diately  associatcU  with  it  aro  tho  "oWei  norite"  and 
r.lat,  ,1  i:r..rnst.M,os,  a  .'i  th.-  nMor-Rr.ii.i.-J  urar.itrs  ahi.h  li.'  parallol  to  It  or  torn, 
dik.^  in  the  «niptive  xUvet :  and  it  is  p.«8il)le  that  these  rocks  are  derivatives  from 
the  oriKinal  marina,  the  older  norite  having  heen  separated  and  erupted  before  the 
main  -h.et,  an<i  the  granites  after  it.  The  porphyntie  granitoid  gneiss  of  tho  region 
has   pro'ial)lv  no   direet   connection   with  the  hearth  of   tho   nickel  eruptive. 

in  volume  tho  older  norite  and  tho  later  granite  are  iiiMgniticant  when  compared 
wiUi  the  great  laccolithic  sheet,  each  containing  only  a  few  cubic  miles  so  .ar  as 
known. 

However,  there  is  in  the  region  another  mass  ol  materials  of  eruptive  origin,  the 
thick  .-heet  of  pyroclastic  sediments  called  the  Onapmg  tulf,  including  a  number  of 
cul.i(  miles  of  volcanic  debru,,  which  must  have  come  from  some  source  not  far  off, 
possibly  at  the  time  of  tho  surface  Hows  of  tho  older  norite.  That  the  tuff  is  older 
than  the  i.ontr-pe«matit<.  -heet  underly.nj:  it  has  b-en  vb.  wn  in  a  pn-Mous  .-bapter. 
An  analysis  by  I'rof.  Walker  gives  thus  rock  a  composition  somewhat  more  basic  than 
the  average  of  the  nickel  eruptive,  but  not  so  basic  as  the  norite  at  its  outer  edge. 
There  are,  however,  fragments  of  quartzite  in  the  tuff  which  would  increase  the  silica, 
and  on  the  whole  the  rock  eeoms  quite  different  from  either  the  nickel-bearing  eruptive 
or  the  older  norite,  more  basic  than  the  former  and  much  less  basic  than  the  latter. 

THE  HURONI.\N  SEDIMENTS 

The  sedimentary  rocks  of  the  Sudbury  district  underlying  tho  nickel-bearing  sheet 
are  undoubtedly  older  than  those  overlying  it,  and  have  generalfy  been  considered  to 
belong  to  the  Upper  Huronian  as  hitherto  defined  in  Canada  equivalent  to  the  Lower 
Huronian  according  to  the  latest  classification.  Their  relationships  have  never  been 
worked  out  in  detail,  since  they  contain  no  economic  minerals  to  give  them  special 
i„,|M„tanre,  and  an-  e:.<erdincly  complex  in  their  .tru-ture.  As  Dr  lia.low  well  say.. 
"In  the  first  place  all  the  rocks  of  the  distrid  have  been  greatly  disturbed,  bo  that 
tho  originally  horizontal  strata  are  now  tilted  at  very  high  angles,  in  some  case« 
having  assumed  a  vertical  attitude,  and  occasionally  have  evon  been  overturned  as 
a  result  of  the  mechanical  stresses  to  which  they  have  been  subjecteu.  In  some  cases 
and  over  extended  areas  the  rocks  have  been  so  metamorphosed  that  the  planes  of 
original  sedimentation  are  more  or  less  completely  masked  or  even  destroyed  alto- 
gether. In  addition  Dr.  Barlow  calls  attention  to  the  schistose  structure  and 
cleavage  crossing  the  bedding  planes  and  the  intrusion  of  eruptive  masses  through  them 
disturbing  the  original  order  of  deposition.'?  To  the  difficulties  shown  in  the  above 
quotation  may  be  added  the  fact  that  faulting  has  taken  place  extensively  all  over  the 
region,  resulting  in  crush  conglomeratas  and  breccias  which  still  further  confuse  the 
relationships. 

The  history  of  these  sedimentary  rocks  is  far  from  easy  to  unravel,  but  certain 
facts  stand  out  clearly.  They  are  distinctly  water  formed  sediments,  and  in  my 
opinion  mainly  ordinary  elastics,  sands  and  clays,  and  not  to  any  largo  extent  pyro- 
cla^tics.  Thev  must  have  been  once  approximately  horizontal,  but  they  were  greatly 
disturbed  during  the  elevation  of  the  Laurentian  mount.iins.  whoso  truncated  bases 
touch  them  at  various  points,  being  thrown  into  close  folds  batween  the  Laurentian 
areas;  and  perhaps  before  that  time  they  had  been  domed  up  over  laccolithic  eruptions 
of  norite  older  than  th^  main  eruptive  sheet,  and  perhaps  also  by  bosses  or  batholiths 
of  porphyritic  granitoid  gncLss  of  a  different  age  from  tho  Laurentian.  Then  came  the 
vast  disturbances  before  and  during  the  formation  of  the  nickel-bearing  laccolithic 
sheet  beginning  at  a  remote  time  with  surface  l.ava  flows  and  the  raining  d<  wn  of  a 
great  thickne.ss  of  tufi;  followed  bv  tho  spread  of  f>nO  cubic  miles  of  magma  between 
the    older     rocks     under    .-.-.r,=i(1rr=-.t;.".Ti     and    the    later    Kdiments       This     rli.n.ix     of 
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,1...    ..,,|.li,.'    .|"'»"""~    »«-     ..M.Mhir.lil    |1     l.\      ; 11-     l^nillliMZ     a'. a     -till.':     'i     ^  1„- 

,,1,1.T  ^..■l^^  llii..ii;;li  tin-  r.'iM.K.il  c.l  MKilt.'ii  iiiat.rK.l  Ir.H.i  l.riinitli  aiui  tlf  -i.irii.lin;; 
.,ut   „l   til-  lucnluluc  ^l,.■.■.    al,.,^..   .1,..,„.      With   tl,,'  ..■.tlini;  ..I   ll...  .Iit-t    int.,  a   ,v„.  Iin«l 

full,,   .a.,,.-  til.     lat.nil    [.■.■,,nr..    »l,i,li    (|..wl.,|„..l    ~lat>    rl.ava;',.    an.l   -.lu-t stnirtur.- 

,,.,,„||„|  ,.,  ,|„.  rul*.-.:  aM~  ..1  .|,.|,-,-.|.M,  ll.Mlrl  111-  ^Miillll.'  Kinally  tll.-lr  »a-  .1- 
,|,„ir  „,„l  -iMUlka...'  <1''-  "■  'I"'  '■"^'"^  "'  •'"'  •"■■■''  •■'■"l"'^"  -ll.-l.  •a.-lM.l  ,„;,. 
limits   ail. I    li-in.-   int..   wlii.li   ilial.aM-   ...iilil   ii>.rMil, 

\\|,..i,  tl.i~  ...M.pl.'X  l.i^t.,iy  „  k.pt  ,n  1.1.11.1  tl...  .l.lli.i.lti.-s  ..1  tl..^  stittl.t:rHl.li>  «r.. 
iii.t  M.rpr.^ii.i;. 

\s  |.r..l,aMv  tl..'  ol.l.^^t    „l   ill.'   s...li.ii.'iit.   tli,'  niay   .,r   ni-.'..lii^li   ..r    tl.'-h.  ..l.,r.'.l    ....'k. 

vari..i.-lv   .alNMl  uruvwa.  k.'.  .|uart/.ti.  an.l  - t.ni.'v   ark.-v..  ,„ay  I.e  tak.'i.   up  first.      In 

s„„„.  pl«...s  tl...s..  r.R'k.  ^h.nv  l.ttl..  ...'  1...  Iii.it  ..I  .trat.li.ati...,  ..n.l  hav  li.'.'..  ...  tar 
r.'c.,nstr,..t..d  >is  U,  I.M.k  lik..  nn.-nr.iii..'.l  km..-*,  or  Kran.t..  .>r  syfii.tf.  I„r  wl.i.l.  th.-y 
I.HV,.  at  tm.rs  lM..'n  tak.n  ;  l.iit  tl..-  Inwr^t  part  roiisist.nK  .,1  .nt..rl..'<lded  .uarM-  a.i.l 
hno  maf.r.als  nit.-n  sh.-w.-  «..|l  .l.ni.L.p.Ml  stratili.at.nn  .,>.  w.-ath.To.l  s.irta.vs  As 
MinK'''-t.'<l  hy  Dr.  Harlow,  th.'sr  dark.T  r.nk,  aiv  li.'iit  int..  a  mm.  line  .n.  losini;  tl-^li- 
(•i>l()ri'd  arko.M'. 

Qraywacke 

\s  the  oUI.'st  n,.ks  (.1  the  ronioi.  it  is  int.'i..l..d  to  d.'s.ril.i.  first  a  mti..-  of  wll 
.,,'a,...'.l  rocks  ranmnn  tr.Mi.  .luart/.it..  t..  .slat..,  usu:il.y  uulu-liii-;  a  Kood  d-al  ..t 
d.'<av.'d  k'ldspar  and  tin.-^rain.d  d.rty-l,mk.n«  n.at.-nals  a*,  well  as  anKular  or  r.iundod 
fraK;noiit.s  of  -luartz  and  a  .hlo..ti,'  or  s.Ti.it.,-  M.l.stan....  In  n.any  .  «s-s  the  ro.  k 
is  very  distinctly  handed,  coarser  .|uartz„se  h..i..ls  standing  out  while  finer  slaty  hands 
«ith   k*s  .,»artz  have  weathered    down   as  parallel    furrows.      These   rocks   have   uM.ally 

,„.t   hp.n  soureatlv   re-,'r.vstalliz,ed    as    the    overh.ni:    ark -hou-ih    .her'    '...•     phi-s 

l.x.kinK  like  Kneis;  or  n.ica  schist,  and  this  fa.t  with  their  character.stu'  appearan.e 
.,f  Mrr.tifie.1  se.lin.c.ts  drives  one  the  impression  that  they  are  y.mn«er  th,  ,  th'  !el-,nc- 
l.>.,k.ntj    arkoses  'Ih.'f   are,    however,    transitions   hetween    the    two   hkUs    and    they 

pr.,l,al.ly   represent   a  continuous  .success..,..,   the  qraywacke  heing  the  ol.ler  ol   the  two. 

Tl...  sjraywack.is  as  here  .l.'fin.'d  have  well-niark.yl  bedding  an.l  son.et.m.s  ci.,ss- 
1„..|,1„„.  and'oth.r  st.u.tur.s  .hara.terist.c  of  wave  action:  a...l  rather  r.r.'!,  r,,.,  I.'d 
pehl.l.rof  various  kinds  of  rock  are  found  .nterhedded  with  the  finer  materials.  U.ey 
over  nnuh   n.ore  space  than  the  ark<*e   and   present   much   n.ore  variety. 

In  the  southwestern  part  of  the  .listrut  ro.ks  of  this  k.n.l  show  as  hills  and  r..lt;es 
near  \Vortl.inKt.,n  and  Victoria  n.ine.  ac.on.panied  by  thick  bands  .,1  slate  a..d  .'.l-^i 
of  nuartz.te  as  extreme  phas..,  and  one  band  of  .,uartzite  U  pure  enouKh  t..  be  w.irke. 
as  material   tor  the  lininR  of  converters   at    Vi.toria  mine,."  containing  W  per  cent.   ..f 

silica. 

Seme  of  the  more  slatv  bands  are  impregnated  with  siilphid.v.  and  have  r.isty 
surface  which  have  attracted  pr.,spc.'t,.rs.  but  they  contain  only  traces  of  ni.'k..l  or 
copper.  The  strike  is  generally  about  east  and  west,  parallel  t.,  the  basic  edge  ot  the 
nick.'l  ..r.iptive.  an.l  near  \Voi,hi,.gto,.  a  -lip  of  708  t..  the  s...„li  has  b..en  i...'..i.l...l 
Green   schust   and   greenstone  are  often    interbedded    with   the    slaty    graywa.  ke. 

\..',,'   the  chinch  at    Victoria  mine   a    common   phase  of  the  graywack.'   .s  well   .11..-^ 

,,a„'.l'sl...wing   an   ic..-,.lane.l   surfac   of    pal.'   gray   col.ir    sH^htly   baml..d    »..! ike, 

.rav  an.l  m  parts  covered  .wth  markings  half  an  inch  long,  oval  depres.s,„ns  with 
a  narrow  ri.lge  ,n  the  n.id.lle.  probably  pse„.l.K,.„rphs  alter  sta.irolite.  >mall  .tretche« 
of  fairlv  well  stratified  graywa.ke  ...cur  near  (iertrude  mine.  (ira.v.vackc  is  widely 
distrib,.1.Ml   ..ear  (  opper  Cl.lf   an.l   Su.ll..,.y   als.,.  with    mu.h  the  san..'   feat..r.s   as    near 

\  ictor.a   i.iiin'.      -»i   ^  "Pi"  ■^  ' -  ,  .        „       .  t    u       , 

small    hills   r.s..   ab.,vo    the  .Irift.   and    narro  v   bands  .kirt    the    fl-inks   ot    harcer    r.H'.vs 

„  ,|iv..„.   K..B.   Min.   .Tm,r..  Dec.  29.  IW,    n.   1022. 
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, ,1„.  arkoM-  «..^t  .,1  the  v.IUk..  un.l  il,-  U.. ,  ..htin,    ram.'  -f  h,\U  .....r  K.ll>    L.k.v 

„,..  r,„k.-  ..,  .!,.■   r..«..M,,  a.ul  .lu-  a.p  vHr...  tro.n   -iV   .„  >vr,K»li.y.      In   th.  v.lly  o 
,■„,„,.,    ,  |,|f    ,h..    «r»v«a,k..   ...nta..,s    v,n,..    pat.  lu-s    ...    ,  .,„«l.,.M...at,.    wlm  I.   i.my    I..'    .> 
I,..,!;,,    ,.,,,„a„.M..      The  h.lU    to   tl...    M..r.lM..u-t    .,.    tl,-    v.lla«-   an.l    ...    .1...    „...«hl.<,rh,....l 
,.,  (  lara  H.'ll  ju.ut.on  are  larKcly  Kraywa.k..,  son,.-  par.H  n.-ar  tl,..  latt.r  p..,nt  conta..,- 
„„  .Mlpl.Ml...  ...„.UKl.  t..  weather  very    ru..y.     T,.  ,.,.•  .....tl.oa..   ...  t  ,.  r«n«,.  ..     ark.,s 

,„1,,    „|„..),   ...-.MP....    th..   cntr..  „t    .1...   rvn.lu,..   .1...   «rayw.«k..   with    v.rv    p,., n  ,  -1 

,,..,l,l,nK  .K.  ..,...•.    tl,..   low«r    Kr.,„>,.l   a„.l    appa.o„tl.v    oxt.-n.l^   from    tl,.s    ..«st    al.„oM    t. 
Ka.nsav  lak...  !...„«  c.t  o«  ,n  ll,at  .l,r,.<  t,..i,  l.y  »  Un.l  of  KaM.ro      Vory  Kood  ..xp.j^..re, 
L   „„;„.l  l,..,»e<-n  .„.U.s  2  an.l  :)  of  tl,e   Man,.oul,n  and  North  Shore  ra,  way     and  east 
,„   ,1„.  C.    I'.    It.  station  at   S,>dbury,  the  p.^uliar   sp...t.d   variety   f.,n„erly   .alle.l      ric« 
rn»k  '    .K(  urrinK  along   the  C.    P.   R. 

J.orhaps  th«  most  typ.cal  exp<«,.re  of  these  rocks  is  to  the  north  of  Sudl.,.r>   on  a 
.teep    h.ll    wh.eh    dotninates   the    town.      Here    the   straf.icat.on    .s    very    •^'•^l^'^^;'^ 
var'.>n.s  .nt..restinK  structure,  oec.r,  cross  bedd.n«  on  a  sn.a  1  scale  and  wav,  I-J-*'""* 
.,    a    .„,art.,tic    variety    .nto   slaty    bands.      The   road    north    towards   btob.e    K.ves    h.e 
expoM  re*,  of  the   same   rock,   wh.ch   ends,    however,   before   .Stob.e  .s  reached,     .e.ng   cu 
o«   l,v   ,r..nstone.     In  th.s  part  the  .trike  ranges  from  3(,-  to  H.)-  and     he  d.p   ,s   not 
far  from  vertual.     The  «r«ywacke  extends  to  the  ea.t  also  along  the  va  ley  "    *^"dbury 
.reek    iK-tween  the  gabbro  of  the  lac.olith   ea.t   of  the  town   an.l   th..   h,lK  t..  tl,..    no.th 
.tHiIe,.t  by  dikes  or  bosses  of  hornblende  porphyr.te  and  by  a  bosa  of  gra,„te  juat 
with.n  Neelon  township.     To  the  north  of  McKin.  strat.ficat.on  ,s  not  ev.dent  .n  ma,  y 
„la.es  and   as   there  is  l.ttle   of   the  slaty   .n.terial.  tho  hills   m  th.s   direction   should 
rhaps  be  called   quart.te   or  .rkose,   though    without   tho   pale   fieeh   color    .u,ual    ,n 
Ih.v.  rocks  elsewhere  .n  the  district.     Where  the  strike  is  v.sible   it  trends  about  east 
and  west.     West  of  this  toward  Stob.e  a  m»s.s  of  gray  ..uartz.  porphyry  is  ahnost  indis- 
tinguishable from  the  qiiartzite  enclosing  it. 

The  most  singular  phases  of  the  graywacke   run   for   about   5   miles   northeast   and 
southwest    from  near  Copper  Clif!   almost  to   Stobie   n.ine.   parallel   to   the  edge   ol    tbo 
,kel  range  but  so„,e  distance  to  the  southeast.     Hero  the  graywacke  has  been  m..re 
thoroughlv  re-crystalli,.ed  than  in  most  places  and  has  the  app..aran....  .....  o     s..      ,t 

or   chl.Vrit  c    schi.st   or    even    of   fine-grained    gne.ss.      Al.-ng   n.os-    parrs    of    tl  .•    ba„.l    .  f 
atered    gravwack...  which    is    not    more    than    a    ..uart.-r    of    a    n„le    wul..    »'«■■-•'-;•■ 
"here  are   numbers   of   pseudomorphs   after    staurolite,   which   may    even    reach   o   or  f> 
,„.l,es    in    length      The    el.  ngated    six-sided    cross-sctions    »...!    o...as.o„al    t».„s   ,,t    tb. 
St     Andrei's   cross   type  make   the  original    nature  of   the   mineral   .  lear    though    the 
crvstak  are  now  .ompletely  changed  to  quart,    i.,    n,.n,.te  ..ra..,s  or  a   pal..   «-.-.,   s.-.lv 
mineral    ike  talc  or  sericite.     As  the  pseudomorphs  are  common  y  paler     ban  the  rock 
or  even  wh.te,  the  appearand,  is  very  striking.     In  some  part,  the  .rystals  are  crowd  d 
in    bands   with   spaces  containing    few  crystals    between    them,   the    strike  o     the    ba. 
ditf..rin.    fro,,,    that    of    th..    schistosity ;    ...    <  ne    .ase    *'-    -V'"';.:""    "     .^^     I';/,  ' 
.h.avage  is  60-.  and  in  another  the  two  directions  are  90«  and   ^    , ' V   •         rff      ,. 
tho  stratification  is  indicated  by  the  bands  of  crystals,  the  original  beds  having  diffei.d 

in  composition.  .      u      •        ,        „k.n.T., 

Close  l,eside  this  very  schistose  variety  there  .s  a  cur.ous  rock  showing  less  change 

l„.t  containing  the  "eyes  an.l  eyebrows"  of  fine-grained  ....artz  which  >'»-  '';;■"   ""J'' 

before;  and  there  are  parts  w.th  smaller  whitLsh  spots  of  quartz  not    unl.ke  those  ,les- 

cribod  previouslv   in  certai.,  hornblende  schists.  ,       ,.,        ,  a.    i  »„ 

The   presence  of  late,    granite  near   by   and  tbo  fact    that   the    F  rood-St..b,e    nor.te 

offset  runs  thro..gh  or  b..si,ie  this  band  of  graywacke  probably  furn.shes  an  explanat.o.i 

of  thi'ir  altered  condition. 

Kr.„.,  p...nt  to  point  a  very  ..arrow  and  br.,ke.,  strip  of  typi.ai  water-f.,r,ued  cu.,gl.,m- 

..rate  ru..,s  near  the  altered  graywa.  k.'.  fro.,,   Fro..d  to  the  hilK  b..yond  Stob.e  toward  the 
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run  tliriiiiyli  tlir  iiiitn-  ">  tin'  u'l'J  ""il*''  »'  i'  '''i<  ' '  "'  "  '^>ikIiiii'  "'   'lit'  liitt.-r  rmk. 

ih.iiinh  tli.-r.-  i>  -.1  iiimli  laiiltiii^:  ami  ii  ri-niil»tit  >  in  tin-  l.-lall'lll^  ul  ill.'  t»i>  im  k>  as 
ti.  inaki-  till-  iiiatli-i  -..iiii'U  liat  (loiilitliil  I'lic  aikns'-  i~  mi  iiiinli  lianlir,  ouiiii;  tu  i  .- 
.  r\.-talli/atii>ii,  i  liat  it  ri*isls  tlio  Mcatli'T  liilli-r  lliaii  t  lir  uniN  «iii  ki-.  tliu  lutti-r  i  Itiii 
liiriiuiin  till-   lii»    niiiiiml  li«*ido  tin-   riinni-  ul'  iirknsf  lulls. 

,liist  m-st  of  Copper  Cliff  ont-  such  lull  btand't  up  from  the  cl»y  plain  with  • 
iriiini-  ot  uravwHcki-  just  to  tli.'  ciu-t  almiu  its  Hank.  .No  distinct  -I  ratilu  atimi  was 
(itiM-rviHl  in  tho  arkose  tliniiuk  tliii  uraywaikr-  i  Insi'  liy  is  well  striitilii-J.  Tli.'  next 
outcrop  1^  a  small  sharp  hill  just  cast  of  the  (  opper  Clitf  rock  house,  somctiiins  siHik.-n 
iif  us  HMIiiti- ;  though  the  roi  k  is  .so  tine  uraiiicd  as  to  su|iH'"-<  ielsite.  To  the  north 
tin-  iiiik  Incomes  init.(jle.l  with  hl.icks  .f  -tratitieil  i;r«iwaik.-  .i-  if  it  int.-  an  eniptne. 
SI.  that  the  luiiial  term  is  not  to  he  wondered  at  br.  Harlow  map.s  it  as  'regenerated 
iiranili-"  ir.--cr\RtiilIir.ed  (piartzit.-).  Mixnl  with  yreen  s.hisl-  «ra>»-iik.  and  a  Intl.. 
coiiKlomerute,  and  more  or  les^  covered  with  stratitii><l  clay,  the  ipiartzite  hand  extends 
to  till.  i-Tlstward,  Rrowinn  wider  to  the  west  of  Siidhury,  where  the  Iwo  railways  cross 
It  mi  nil-  e\.i-ll..nt  se<-tmii«.  On  the  Manif  iiilin  and  North  Shore  rail«a\  tun  i.iili-«  u.-st 
III  tl:.-  t.iHii  the  arkose  has  the  look  ol  tiiiemain.Ml  mieiss  and  is  often  -hear. . I  mi. I  .  lusli.-d 
iiitii  a  conuli  m.-rate  Farther  north  aloni:  the  Canailian  I'.ii  ific  rail.vay  th.-  r.-i  i  vstalli- 
zatmn  has  ^onpeven  farther  in  places,  aiel  hoiililer-like  patchi's  iii  th.-  foi  k  are  lill.-d  with 
horiililendo  crystals.''  This  ranfitJ  of  hills,  which  is  in  places  half  a  mile  wide,  con- 
tiiiiic-  northeiust  luyiniil  the  C.  I'.  IC.  hut  dies  out  hefore  readiinu  the  Krood  mine. 
tli..i|..h  patches  of  tic-  -ai'ic  roi  k  are  -i-.ii  li.-tw.en  Stohie  a-iil  Ille:'ar.l  iiiiin-  .\laii\ 
Miialli-i    strips    and   pati-hes  of   similar    arkose   are    found   in    the    hand    of  mixed    grern- 

-ii.ne  and  uraiwacke   lyinc  to  the    nurtluvist   of  thi-    fiiii-.-   of   hill-,   an. I    'I '"-I't    nl 

the  two  rocks  is  often  hreciiated.  as  if  it  had  heen  a  zone  of  weakiirs*  where  faultinR 
was  -pi'iially  active. 

.\rkos.-  incurs  on  a  still  larger  scale  hut  of  the  same  m-iieral  character  ea-t  of  the 
S'lilliiirv    ilislri.-t    aloUK    the  south   shore    of   lake    Wahnapitae   aii.l    at    other   points. 

H.-siile  the  mure  prevalent  pah'  t;ra>  ..r  flivh-colore.l  rii(-k,s  whii-n  contain  a  larjje 
aii.iiiiiit  nf  feldspar,  and  so  liaie  heen  cal!.-il  arkose  in  the  ile>iription  almve.  there  are 
true  uhite  (piartzites  in  tho  region  consistiiiK  almost  wholly  of  iiuartx  crains  more  or 
lev-  (-eiiientcd  with  silica;  hut  the-.,  occur  only  in  small  outcrops  and  do  not  ro<iuirp 
^p.•cial  ilescriptiiin.  Th.'  I.cst  Imalities  are  .  sniall  hill  south  of  the  railway  between 
Vr.  ml  mill  S'l.l.ii-  aiMl  tli.'  iht'Ii  -hnn-  ..f  l!mii-.i\  lake  ca-t  .if  th,-  Imat  l..,,i-.--  Th.-.' 
.|uar'/i'.-  ii'c  .l..-cl\  like  tin-  will. -iiri->.l  wliiti-  .|um'/ii.-  ..f  'In-  t\|ii.:il  Miiimiian 
revrioii  mar  I'.ih..  lake.  .-t< ,  Th.-  hill  of  si-histose  i|uartzite  «e-t  of  Heailipiarters  in 
(;,ii-,,ii    I. . I.I. -i. II.   i.ii;;n^:;  t;:   the   ;a:;:c  r':i>-. 
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,„    „.-     „l,,|,    ,l„    -l,itv   .l.a^afi-   nn,,   Vi-   »itl.  .,   .li|.  ..I    -  .'    •"  'I"    -"""■•'• 

.,.,;.  liiiiiMi,... «...!. i,.>-  ..rn.. 1 .-.■ ...  -'.■■  \'"""";';i;"-:.:rt 

■i.un.i  ,„  ...1.  «..M  n..a.    M >   i  W.. I  ■'n,..U-  .• -n,  ,  '  •  ; 

V la.v    r.»■k^    Ji.>.    .:..^i  r.l.-.l    a-    al - ' .-    .r^..alUn..   ,  ^    .1.  M 

,„.„,    ,,„,„.„..   ,„.    .Iiluri...    .lu t,l,„k     .1 1...    ^."..    -"" ^ '■'""""' 

1.,  111,.    >,..l,m..M.arv    ,..|  i-   al.i.i..   .1 k.  M-aM...,   .riil.t.v... 

Midtllf    Huronian     ?     (iraywatkc   Contclomerate 

Ml  ,„   ,1,..  ...limontarv  ni,  k,  ..,  far    1    ,-m1,..,1  Mnn^  P.-..'.aMv  -n  -In-  I."».r  M.-r.-n- 

i,„     i.,l„„nn.   ,h..    ,..rM,>    a.r 1    upi...    Ly    ..i-    ,M...rna.  ,.,na>    ,.- on    ..i..    i  Wfi^ 

..     „„.   „     .1,..    ITi-Canilinan.    I.i.t    .li....   i.   «ra.v U-  ,...n«l.,„i..ra,..    „.    .  .-   ■■'■«';"■;   "f» 

.,,..,,,«..,..•■„    ,l.ara,..r    from    t.im,  a^«a,  k.    ,„,...  l,...M..il    «,...    -la,v      ".v-.r.     i.th.. 

uZ  allv    ,;,h,.,    spa,.s..K    .  a.,..n.,l.      T.,..   la,«,.,    ...inia-r-  ar..   ,.ni, y  J.    «ra„^o^ 

,„„    Ml,.,..   i,n.  Mini..  aUii   ...    „uart.,...,    aMil    iiianv    Miiall    ,.n..  ,..    ul„...   i.i.ar.z.      N.-r  a 

sill    lak..  I,...«....n    Han,.n    lak nl    .li-.   tnll   -„   Mi..    n,.,.l,   ,1......  a,-.    lar«..    fra^M.ent 

;       .,at,.i...l    .rav«a,.k..    .n,  1,...,!    u,    -lii^    ....1^.    "l.„l,    lianllv    ~.i..«^    a„v    tra...-   .> 

M,.a     .,.a,.,.n.    1„..    .h-r-.   lu.    > n    s„   ni,„  1,    .ai.l.ui.    an.l   ,  ri.liMm   ,n    tl,..    r,..u.n    tha 

„l   ..f  .^u„p,.>.Ml   M.l.T   n,.k    niav    li n.a.  h...l    .li.-.r    pla...     .y    .li-.s.-    Hioa.^,    and 

.,.,...,  ..l's..,l,n,..n,a,i„n.      .X.   a  small  point    o„  ..,.■  -.I.  ^hor-  of   Ran.a.v  lak.- 

,.,,..,■,...,    .„««..stion.    l.a-.l    .on^loniorato    i-i.-n-.l,    ^.    Uia.    .1...   ol.  .r    ro.^k     > 

nJ    n,p..rn„''.   a,.d  .ho  ..nnv.l...l   .rani,.-   UuM-r.  ot   .li..   yoi.n.-.r  .,n..  ar..   .,.n..at., 
",  t  lii.n'aca.n  ...oro  i.  some  -louht  as  to  U,..  n.la.n.n  of  .1,..  two  .„.kv     ^^,^  niay  ass,  ,  .. 
,1';..,.   :L    tlio    inclusion    of    n.unon.ns    .,i.ar„.i,.   p.-.M-.s.    of,...    of    pal..      ..^      c-...^, 
in.pl.os   a    lat.T   a.io   than  th.   I.owor    Huronian,   wh.eh  so    far    a*    »,■    kno«    .s  th-    onU 
siiurcc  of    th<-M.    pobhles. 

In  „i,r  „«n  ^ork  onlv  this  s.nall  nn-a.  .«o  or  thrr.  n.ilos  in  loneth  hy  half  a  m.l. 
,„  .,r..a,l.h  ,s  known  to  liolon^  to  tho  ^raywa,  k,'.  .ondo,,  ..rat.,  hi.t  v.-y  s.n,.lar  rock, 
!,:..i,r  o„  a  larRo  .rale  near  Koko.an.inc  lak..  .ast  of  Wahnap.ta.  an.l  .n  o.hor  par., 
of  thp   Huronian. 

UPPHR   HLROMAN   OR    ANIMIKIE   SKDIMHNTS 
Thn  s..rios  of  sodirnontarv   ro.ks.   r.-f.rrod  to  oarlior  in   ,hi«  -rk  -  ,h..  Tro,.t   lak« 
<.o..,on,..ra.o,    the    Onap.,i«    ...ff,    the    <.n«a,.n    slate,    and    .h.>    C  h..l,nsford    ^an.  s.on. 

*"  ,      -f     ti,-     _;„.,,, I. .,<,ari.,.T     ..niiitiv..      ar.i     nrohahly     of 

Xn.tniki.  ago  or  accordinc  to  the  latest   elassifl.  at.on.   X  pp-^r   Humn.a,..     lh,.r..  .s  l.tt  e 
doi.ht    that    Wore    the   eruption    of    the   la,  ...ilith...    sheer    tl ^......nonts    w-re    ,...arly 
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li  inzi.iilal  iiikI  rc-iiil  mi  llir  foMrd  and  t!  iiiu  a'cd  iduis  ot  i\w  IIuroiiiaM  and  f.aurcn- 
tiaii  rocks  Ixlow,  thoiin'i  tVw  undoubted  ppliblcs  of  any  other  Huronian  rock  than 
'luart/.ite  have  yet  licon  ricocnized  in  them.  Tlie  roinnion  granite  boulders  and  pebbles 
ol  tliii  basal  lOiiElonierate  may  well  have  come  from  the  Laurentian,  though  they  may 
include  other   KraJiite^   alMj. 

Trout  Lake  Conglomerate 

The  rocU  immediately  overlying  the  aoiii  or  upper  surface  of  the  eruptive  sheet 
is  always  a  conglomerate,  often  very  coarse,  containing  pebbles  and  boulders  of  granite, 
(|iiartziti>,  etc  ,  clearly  an  ordinary  basal  conglomerate.  This  pas.ses  up  into  quartzito 
or  cherty  rock,  often  brecciated,  and  sometimes  into  a  dark  gray  rock,  which,  may  be 
called  Kruywacke,  all  containing  some  pebbles  like  tho.se  of  the  conglomerate.  The 
width  of  the  basal  conglomerate  varies  from  a  few  feet  to  more  than  2,000  feet,  and 
at  30"  dip,  the  average  thickness  of  the  conglomerate  and  associated  aquao-clastic 
sediments  has  been  worked  out  at  about  4.50  feet. 

The  base  of  the  conglomerate  is  alwa.VK  powerfully  metamorphosed,  often  to  such 
a  degree  that  the  boundary  of  the  acid  er.iptive  is  hard  to  trace.  The  matrix  of  the 
1  iinsrioiiierati'  is  changed  into  felsitic-lnoking  material  very  like  iho  finer-grain'ni  parts 
ot  the  micropegniatitic  granite,  and  the  pebbles  or  boulders  enclosed  in  it  have  very 
vague  edges,  though  one  can  usually  distinguish  them  as  coarser  textured  spots,  and 
thus  decide  that  the  rock  is  really  conglomerate.  In  many  places  along  the  southeastern 
margin  the  lock  has  been  squeozed  or  sheared  into  schist  mnglomerate  with  the  pebbles 
izreatly  (lattened  and  :i  matrix  often  like  mica  'r  chlorite  schist.  The  tiner-grnined 
sediments  above  the  conglomerate  proper  have  been  much  less  changed,  but  still  show 
signs  of  silicification,  rendering  them  often  very  resistant. 

In  the  detailed  accoiin'  of  the  nickel-bearing  eruptive  the  acid  edge  has  been 
descrilied  as  always  in  contact  with  the  Trout  lake  conglomerate,  which  it  has  pene- 
trated more  or  less  from  beneath  and  greatly  metamorphosed.  In  that  connection  the 
distribution  of  the  conglomerate  has  been  referred  to,  so  that  it  is  not  necessary  to 
recapitulate  the  points  at  which  it  is  found.  It  will  be  sufficient  to  say  that  next  to 
the  arid  edge  round  the  whole  inner  rim  of  the  nickel  eruptive  the  conglomerate  is 
known  to  exist  as  a  band  varying  from  a  few  feet  to  more  than  half  a  mile  'south  of 
fJordon  lake)  with  an  average  of  about  1.000  to  1  .-"lOfl  feet.  Good  exposure-  are  met 
between  Veririilion  river  and  Gordon  lake,  south  of  Windy  lake,  on  the  north  shore 
of  Whitewater  lake,  south  of  Trout  and  Joe's  lakes  and  near  Garson  lake.  The  band 
i.s  unusually  narrow  north  of  Whitson  lake.  It  is  noteworthy  how  often  the  line  of 
contact  between  the  acid  vi\z"  and  the  congIo?nerate  crosses  lakes,  the  very  accentuated 
to])oi:rapliy  favoring   thi'  ininiation  of   lake  basins. 

Onaping  Tuff 

Keating  on  the  water  turned  srilinients  of  the  Trout  Inke  formation,  and  with 
trnn^itioti.s  between  tlirin.  is  the  Onaping  tuff,  a  thick  sheet  of  pv-oclastic  pediments 
mingled  witb  varying  anionnt.-.  of  peliblcs  or  lir.nlders  of  granite,  o  lartzite  and  chert. 
The  volcanic  asli  and  lapilli  are  angular  and  now  consist  largely  of  serpentine  and 
chaliedony.  No  clear  evidence  of  -.tratification  has  been  fnunil  in  this  series  of  rocks, 
will' b  rangi'  from  bard,  alinoi-t  tliiitv  tTia'crials  vt.nnding  np  as  sharp  bills,  to  soft  slaty 
fornix  \iTiiiii!:  towards  the  true  slate  of  the  tie\t  formation.  It  mav  be  that  the  flinty 
vaiii'tv,  wliirli  lie^  ininieilintelv  upon  the  Trout  lake  rocks,  has  been  solidified  with 
silica  brooiilii  liv  circiilating  water  from  the  acid  eruptive:  while  the  upper  part  not 
)>i'\u<s   tbii-   r..iiv,.liil:ife,l   ba.s   viel.led   to  pressure  and   taken   on   the  slaty  cleavage. 

The  tliiikni^-  of  the  tuff  Ls  hard  to  determine  sharply  because  of  its  blending  up- 
waros  into  '1,.'  Onwntin  slate,  but  issumirn-  the  boiindarv  to  he  the  low  bills  facing  the 
iallr\    oiippieil  \>\    tlie   ■■lat,'  proper.    \\<    find   an   avir-iue  tliickio'ss   nf  .T.SOn   feet. 
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Miuh  of  wl.at  ha.s  U.,-n  sai.l  ui  tlu'  ilUtnliution  ut  tlu'  i.„u^Unuv,ato  will  apply  also 
to  the  (.verlyiiiK  tutt.  It  forms  an  ov-xl  baud  Iroi.i  a  luik-  to  a  mile  and  a  half  wide 
r,.MMl  th.-  whol..  ha^in,  hu(  is  s.-pai^.d  from  the  arid  e.Ue  hy  th.^  .-onKlomerate  int., 
which  It  appears  to  mer^e,  more  a.id  more  ordinary  sedimentary  material  coming  in 
toward  the  bate  until  the  majority  of  the  constituents  are  water.f..rmed  clastic,  and 
the  transition  to  the  Trout  lake  formation  is  complete.  The  edso  of  the  pyroclastie 
sediments  toward  the  ni.kel  eruptive,  like  the  underlying  t^ngh.merate,  w  generally 
hard.'ued  by  the  aiti  m  of  the  tluids  from  the  arid  cdse  and  so  stands  up  as  shirp 
hills  but  the  softer  inward  edge  sinks  away  into  the  low  ground  and  is  largely  covered 
with  drilt.  Peih..ps  the  best  exposure  for  the  Mu.ly  of  the  tutf  is  along  the  railway 
ea^t  of  Onapihg,  though  here  the  softer  phase  is  ino.,tly  hidden.  (Jood  sections  are 
afforded  on  the  road  from  Trout  lake  to  Azilda,  especially  on  the  north  side  of  the 
basin,  and  along  the  southern  side  of  the  basin   in  Capreol  and   Hanmer  townships. 

At  seven.,  points  the  tuff  has  been  found  to  contain  small  deposits  of  sulphides, 
.specially  zincblende  and  galena,  but  never  on  such  a  scale  as  to  be  of  economic  import- 
ance Such  deposits  are  known  at  points  to  tlie  north  of  Fairbank  lake  and  along  the 
same  side  of  the  basin  toward  the  east,  but  the  largest  vieited  by  us  was  a  little  east 
of  the  south  end  of  Trout  lake  in  Bowell  township,  where  a  h  cation  (WD  2.V2.  sometimes 
railed  Prue'B  mine)  has  been  taken  up.  and  a  small  shaft  sunk  showing  quartz  with 
zincblende,  ga'  .na  and  a  little  copper  pyrites.  A  dark  gray  ba.sic  eruptive  rock  occurs 
beside  the  fi..a.c  and  its  eruption  probably  influenced  the  formation  of  the  small  ore 
body.  Pyrites  is  very  commnly  found  scattered  in  small  particles  through  the  tuff,  as 
near  the  high  falls  of  the  Onaping  river,  sometimes  in  such  amount*  that  the  surface 
weathers  rusty ;  and  there  are  places  near  the  northeast  corner  of  Creighton  township 
where  const  able  veins  of  quariz  with  pyrites  have  been  taken  up  as  gold  mines, 
but  hitherto  with  no  success. 

Onwatin  Slate 
The  black,  carbonaceous  slate  i.  soft  and  has  generally  weathered  eo  far  as  to  be 
covered  with  Pleistocene  beds;  but  it  occasionally  forms  low  hills,  as  near  the  east 
end  of  Vermilion  lake.  It  has  a  very  perfect  cleavage,  and  the  stratification,  as  indi- 
cated bv  darker  bands,  is  rut  by  it  at  high  angles.  Ite  thickness  may  be  fixed  at 
.1.700  feet  on  the  average,  thatjbeing  the  space  separating  the  tuff  from  the  sandstone. 
The  softer  phase  of  the  Onaping  tuff  merges  on  its  inner  side  into  the  black  t-hUe, 
which  forniP  a  third  band  running  round  the  basin,  usually,  however,  occupying  the  low 
ground  and  very  often  hidden  by  old  lake  deposits.  It  is  best  studic*'  in  the  river 
vallevs,  especiaH'v  along  the  Vermilion  river  from  Vermilion  lake  east  and  south.  -lust 
below  the  exit  of  the  river  from  the  lake  a  range  of  low  ridges  of  slate  occurs  on  both 
sides  one  of  the  few  p..ints  where  this  ro<k  ris<^s  as  independent  bills.  At  Stobie  falls 
the  river,  which  has  hitherto  run  parallel  to  the  strike,  turns  southward  across  it. 
.aiising  two  small  falls.  Apparently  the  slate  at  these  points  has  been  more  or  less 
shattered  and  the  fi.ssures  have  been  filled  with  quartz  and  sulphides  giving  it  -reater 
resisting  power  than  elsewhere.  A  small  ^haft  has  been  sunk  on  one  of  the.se  deposits 
of  sulphides  just  where  the  river  turns  sharply  southward,  but  so  far  as  known  no  ore 
of   value   was  found. 

The  mo.t  interesting  f..ature  of  the  bla<  k  slate  is  the  large  amount  of  carbon  con- 
taitied  by  it,  amounting  to  from  «!  K  to  10  per  cent,  according  to  analyses  made  .„  D^ 
Ellis'  laboratory  in  the  School  of  Science.  In  lot  10.  con.  1.  of  Balto.ir  town.sh.p.  a- 
little  north  of  the  bend  of  the  Vernnlion  a  vein  of  anthraxolite  or  anthracitic  carb.m 
wa;-.  found  in  the  slate  in  ISOfi,  giving  rise  to  the  hope  of  finding  coal  in  the  region. 
\n  examination  sbow^'.i  that  an  irregular  vein  ran  about  north  and  south  up  a  hill 
..f  siRt.--  havir.^r  3  lenirt!!  as  far  <vs  exposed  of  70  feet  and  a  width  of  1'-'  feet  where 
wi(b.st  The  walls  .-.re  very  uneven,  and  larjx.'  horses  of  slate  o.MMir  in  the  anthravolite, 
which  would  not  average  more  than  six   feet  in  tbickne.-.     Diamond  drilling  has  shown 
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ili;,i    iL,     ,|,|„,-ii    ^,,r,    t.i    :i   cl.|)tli   ol    ;ii    ha-t     I'M   !.■.  t  .    -..   lli.ii    -nin.'   tlHiii-aiiils   iil    ton- 
,,l    iIm'   ;,n!liiiii  Hi:    iniii.iKil    riiii>    .\i-l    in    I  In     niri.      ( li  i'ziikiIIv    t\,'-   ant  lii:i\.ilitc  oiit.T' ■! 

t),,.  I,,,,, I.    .,-  I.iiuriiiii   uliicli  jziaihi.illy   Im-i    iI-   x..hitil,-  .  .,ri~lit  m  iii  -    cinl   l.rc  : cliaiiii.'l 

t,,    til,     1,1.  -.rit    liani     ruiil.v     null. Mill     liavni.;     immiIv   '.''•    |i.r   ..■iit.     nl     li\.'i|    .ailjnii.    au 
;iii,,l\i-    .•!     ill.     ]iun  -t    -II. I  nil.  n-    (znin^;    th,-    l.ill.iunii;    i.-iili- 


(ail... 11 
ll>.li..i;.'ii 
\iti..'i.  11 
'^iill'liiir 
A-li 

tlWli.'M       .- 


IN-. 

.111 

u 

-.) 

1 

Ml 

1 1 

.11 

1 
1 

*i!  f 
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It  will  111'  .-I'.-.i  tliat  till,-  r.iiitaiiiv  iiii.r.'  I'lM'.l  carliiiii  tliaii  tin  In  <t  iiiitliracite ;" 
aii.l  III  liar. 111.'--  an. I  -I..h  m—  ..I  l.unnn;;  al-.i  it  jiix'-  -..in.u  liat  l..-v.in(l  liaid  nial.  In 
l.iMim  It-  x.ilatil.'  I  .iii-t  itiii'iit-  till'  liitiin '11  (  niitriii  ti'.l  «ri'atlv,  Innniiit;  -iiiiill  liistroiiv 
framniiit-,  ultin  iiilnial,  ami  m'I.Iihii  iii.n.'  tliaii  liall  an  iin  li  iii  iliaiiii'tfr  ;  and  latiT 
.|iiHit/.  ami  a  littl.'  |..\iit.'-  w-vt-  di'iLi-it  I'll  ill  the  -pari  ^.  -n  that  tiic  aviTani'  material 
C'Diitain-   liiiiii  •-'■"!  til    I",   pi'i-  ii'iit.  ol  ipiartz.   iliiii  iiii-liiii(i  urcatiy    it.-  value  as   fuel. 

I'lie    a.l.|..iiiiii'.;    -late    lia-   a    ,-tnke    .it    m-    ami    a    ilip    nt    tlie    ilena'i.'    varvim^    If  .in 

.",."i-    inwanl  til iitli    to   tlie   \eitieal.    tile  rleavaj;e   li.'iin^      iililiiine   ti>  the  -t ratilii  atliiii. 

wlii.li    .li|i-  t.i  the   m>itli\ve.-t. 

N.irth  ,if  tl a-t  .'ml  ■  f  V.'niiiln.ii  lak.    pait   ,.t   th.'  -hit.'  i-  v.i'v   .  ■ii'l,i)ii'i.'e..ii-.  -uii  i" 

till'  hami-.  ami  here  aNo  an  attem|il  wa-  iiiaile  t.,  hml  inal.  The  i.K'k  (lump  >li()«>  a 
frr.at  am. unit  iil  -liikeii-nleil  fragments  havim.;  a  perleet  polish  a-  ot  liiapliit...  evi- 
dently ii'Miltiiic  liom  lirceiiatiiin  and  taiiltiiit;.  Snmewliat  mirth  ot  the  aiithraxnlit.' 
vein  ineiitioiieil  alnue  on  lot  'J.  con.  II.  ot  Italloiir  to«ii-hip,  .Mr.  William  .MeVittie  has 
Mink  a  iliamoiiil  drill  hole  f.ir  l.nnn  teet  without  any  other  re-iilt  than  to  prove  that 
till'  -late  Kiii'.s  'II  at   least  that  depth. 

.Not  far  from  the  ant hraxolite  depo-it  zimhleiide  uith  some  other  sulphides  liavp 
(leeii  ohtaiiied  from  the  slate  or  from  the  slaty  edfie  of  tlie  tuffs,  hut  tlie  amount- 
are  too  ,-mall  to  justify  niininf!.  M  the  oast  end  of  Onwatin  lake,  from  whieh  the 
name  of  the  slates  has  lieen  derivivl,  a  pit  has  hen  Mink  upon  a  ma—  of  pyrites  with 
the  i.lea  that  it  wa-  iiickel-hearing.  hut  nitli  no  re-ults  of  importance^  KviUently  the 
-h.itleriiic  .111.'  to  I'arth  movem":its  -■me  the  iiiikel  eruiitive  reaelied  it-  |il  •(  '  h  i- 
caused  iiiaiiv  li-sure-.  some  of  wliieli  have  heeli  tilled  with  molten  rmk.  tonninc  ill.' 
diahase  dike-,  ..tlier-  with  pit.  hy  materials  fovmiiit;  anthraxolite.  proliahly  derived  fron 
the  emlo-iim  riK'k-  eliarjied  with   hydroearhon-,   and   still   others   tilled   witli  zimlilemh'. 

p\r'te  ami    oth.i'  -iilpliiih-   with    a    littl art/,    a-   a    ii-u;i    .if   einnlatimi    wat.r,       .\|)- 

preiiahl..  .|iiaiititi.'s  of  in,  kel  or  eojiper  apparently  .h)  not  oe.  ur  in  ill.'  sulphidivs 
depo-ited   in   the  slates, 

Chelmsford  Sandstone 

Th,'  inilTiiio-t  M'lk  of  the  -..rie-  i-  lii-timtly  iiiark.d  ntf  'r..m  th.  -lit.'  1,,'low. 
fh.iimh  a  f.'w  hand-  of  slat.'  part  the  tliiik  hid-  of  saiiil-toiie  and  hriiif;  out  prominently 
M',  h.'ililin;;  of  the  foTmati.>ii,  The  saiulstoiie,  where  it  ri-e-  alMive  the  plain,  forms 
a  -iicf('--ion  of  fii'iitle  ant  i,  lines,  usually  four  ill  aum'ier.  runninu  parallel  to  the  axis 
of  the  main  -vmlin.',  i..'..  .ilmut  '•i'-'  to  «  i^-  ea-t  of  north  The  -viuline-  L.tui-n  th.' 
antiriinai  i;i:l:    are  a!\\a\?    ''lii  ed 


..T-        ■r^ti'\,^A      'a:-:;-,' 


deposits 


,j  Bur    MinPB,   18%,   Anthrasolite   or    .\nthraritio   Carbon,  tiy   A.    P.    Coleman    an.l    W     H.m1i.'I!..ti 
Ell'B,    lip,    169-166, 
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the 

liik>-  i|.|>ii>it 
.li.iinc-   ^iie    iisiiaUy   liuds   :i    :noT-  ..r    L—   -t....p   hill    fol 
imiing  the  In-dding  and  Uu'ii   a  ^harp  l.reak  witli   a  iionrlv  vortical  cliff  of 
where  tho  stratum    has   hccn    dcslrfiyed.      Tli  -v-^   -   > 


,...,.   «  ..,..,,    to   15  fept, 

pn        ih.ii   comes    another   a-cent    of    ceiitler    slope 
along  the  next  Stratum  w.th   perhaps  a  smaller    cliff;    and    at     l.^t     a    gently    rounded 

surface  on  top  of  the  arch;  the  oppo>ite  .Mde  heing  of  the  -am I „v.r««,l 

The  sandstone  occupie.-   tlic   centre   of  the  -yndiiial   troet;! 
i-iid    ot    Vermilion   lake  t(j    the   ea>t    side  ot    tli. 


owljsliip    nl     II. 


nature  hut  reversed, 
luniimg   from   tho  west 
nrmr.    a    distance   of    IS 


I 


Anticline  of  Hanil^'t^ 


■^^ymM^^'^^o    ^Uofrcfij    ^epi 


„ules,  With  a  width  of  ahout  three  nnle..  I.  is  1^^^^)?^,^  '■*tJf«?i^Ml«^''f, 
S  miles  farther  toward  the  n.,rthea.t.  hut  that  JT?Ff*fS^e  K,m„  is  covere-a  w^  old 
like  deposits  In  general  the  sand.-tone  does  not  form  a  conli.ij^  area,  btretches  of 
lb,t  far.u-land  or  of  swamp  separating  tl,..  ant>.4n,es,  "■^^"^''^  I^I'li "!1Z!'' ' 'u 
No  attempt  ha.  heen  made  to  ,„ap  the  ntMnen^l^tiL  o,Jt^,,s/^.nJtf-^OOte4Dtt^k 
ridg«.  representing  remnants  ..f  elongated  don.e.s  rise  a  lew  '";}  ^;''"-  ""■  ^'"'  ""''  « 
steep  face  toward  the  centre  of  the  ndge   and   a  gentlcT   Mope  *^Vt»ds. 

The  road  from  Larchw.«,.l  to  the  west  end  ol  Verm.Uon  lake  touche^.  several  of 
these  outcrops  and  in  one  place  runs  f<,r  some  distance  along  the  nearly  flat  K.irface 
nf  a"  ^nti.line;  and  in  canoeing  up  the  Vermilion  from  the  lake  toward  Larchwood 
several  small  outcrops  represent  the  hases  of  anticlines  which  ha^e  mostly  been  J.v,- 
troycd. 

7m  (III) 
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riic  iiii^;lilM.rl]i»i.l  ol  l.an  liHiiDcl  pri'snits  oiir  ot  tlir  Ijr-t  places  tn  -tii<ly  tli..  sand- 
stoii.',  Mili(]ii,  lii-iTit;  pr.-.iit.il  l.y  wa»;iiii  roaiK,  tin-  railway  and  tlic  in.r.  wliiili  her.' 
fluus  lirxt  paralli-l  t.,  tlir  -tnkr  ali.nt;  a  .syiulinr  to  t  lif  railway  l.nil^c,  »Iiitc-  It  turns 
s,,utl,ra-t  a.ni-s  tin-  -tnk.'  .>t  a  l.rnkcM  antidin.-.  lorihiii(I  t».i  tails,  and  thru  south- 
»!■  t    an. 1111    aloiiu   tho     triki'. 

riir  ^alld.slml.■   i  ,  >  iiiii  ^raiii.'d    Willi    particli--  i.l    i|uartz    and    ol    mua    visililp,    as 

will  as  -oiiH-  t..|(l>|.ai,  M,  that  it  niijiht  hr  lalLd  arUusr.  It  i-  not  icry  stronj;tv 
.iMii.iitid,    1-   dark   i;ra>    iiii    trc-h    -urtad  -    and    pahr    i;rav   im    wi-at  hcird   on.'...    and   fr.'- 

ciuintlv    (onlain-    \:iyil>-    n\  al    .  i.iiri  .■«  iniis    rn  h.  i    in    li and    iron    than    the    i  i-t    of    th.' 

r.i  k.  ^r,  that   tlir>    mmlit    hr  <alhd   iinpnrr  In  nmii -   linii-tonc.       Ihr  lar^.'  iiincrctiiins 

Mcathri-  out  and  ha\.'  .-hallou  Iml,  ~  whi.h  him-  a  ^.l^  ,  lial  a.  t  iM  l^t  i,  h„,k  t.i  ,s..n,L'  ol 
til.'  Hank-  ol  thr  antnhno-  Th.'  Iiod-  air  lie. in  two  t,,  -oxen  or  oi^ht  lioi  thhk.  and 
oft, .11     1    thin    -.-alii    ..I    -lali-,    h—    ,  al  hoiia.  i  mi-    than    t  h.      dato    holow  ,    o.  .upi.-   t  lu     hl.ak 


S.  .llthiTll  r.L'l-  "1  anllrllll,..    wc-l    Ml  (    l.ollli-n.ld 

hctHion  two  .strata.  Occasionally  this  slaty  part  ..1  tin-  rocks  has  hoon  sreatl., 
Lriunpli'd  and  thnkcnrd  at  -oiiic  points,  pruhahly  wliilo  the'  haiclor  sandstone  undrr- 
wciit   tolding. 

lii'twi'i'ii  I.archwood  and  (  hi-linstord  the  railway  run-  inauily  on  a  tlay  plain  and 
.vcld  cuts  the  ^alld-tonl■.  the  route  having  heen  clio^in  sn  ^s  to  avoul  the  anticlines, 
hut  hoth  to  north  and  souih  ridjio.s  a  mile  ur  two  Ion;:  and  troiii  ■')>>  to  l.")tl  feet  high 
ri-i-  ;iho\e  th.'  plain  with  -lopcs  ranging  Irom  21)"  to  4.>.  The  wagon  road  between 
the  two  places,  running  south  ot  the  railway,  crosses  several  of  tlie.so  ridges  but  lies 
to  the  south  of  the  Chelmsford  ridge,  ciin.  of  the  most  exlcuisive  .ines  which  has  been 
rather  carefully  studied,   and  inav   he  taken  as  typical. 

It  begins  just  west  of  (.'hclmsford  with  the  appearance  of  a  dome,  small  buttresses 
of  sandstone  ri-ilig  a  few  feet  aho\  e  the  clay  with  s|,,pes  of  I,",''  to  lf<-"  tow.ird  the  north, 
northeast,  ea-t  and  southeast.  .\  little  beyond  Chelmsford  creek  and  eouth  of  the 
railwav  the  ilome  n.-es  completely  al)Ove  the  clay  and  ha-  been  ((uarricd  for  building 
stone.  'Ihe  cleared  surface  sliow.s  shell  after  shell  of  ge;itly  rounding  beds  sloping 
toward  tin-  plain,  but   to  the  southeast   a  gap  has  been  cut  out  of  the  anticline  so  that 

7a    M    (III) 
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a  Miiall  hav  penttra'ps  the  out.  r  .•cliJ.'  In.n,  ili-  plain  TIm'  .,„]  ,,|  th.  aiiti.liiM.  i- 
Mmhtlv  ,l.>,il.l.-.  a  very  K<'l>tl«'  -I- |...->Mm  M.pa,M,,m  ;.  )ni;l..r  p.Ht  t„  1 1,.  i,u,tl,»Pst 
fnm,    a   lowr    s,vf.ll    to    th-   .u,.tl,...~.  H.v,.n.|   th,      pu:,.    .!i-    aLi.lr,  ■    n.,-,    with    a 

l,r„k..n  top  t„  th..  h.Mjiht   ot    lr..,„    T.".  to   l-J.",   l.-t    ,.,    a    httU.   ,n a.,,!   k.,p~   th,-   h-.«ht 

ar„l    a   wnlth   ot   al.out    (iniivanl-    to,-    al,o„t    a    i„.ir.    »li.„    ,t    -,,il „M»l,at    ,,M-„hu-y 

will,  a  doi„e-hk..  Ion.,  ,Mt„  thr  plain.  Thr  ,li..Ti  ,..n  ..I  th,  a„t„l,nal  ax,-  .-  '..-.  th.. 
l.T.'th  i-<  y*  iHil..,s  an, I  th..  «,.ltli.  ,t  tl...  ..„t,  ,  i.„,„a,il-  ..I  -..,,ta  »l,,.h  lla^  ■•  Ih.'Ii  >W>- 
,,„v.m1   aroV,„.Mt,.,l    in    aK...   „1    al.,„,l    ,.,„-hall    n,.l,'        1.    th,     .,,-.    .,1    th.     a.,t„l,r,..   u.'f 

,„„',pl..torJ    iron,   th.'   out.  i    -.innant-    -Mlh   th,-    a^.,a.;,-    .1 1 --    ■•,     'J'"    at     ll, I*:--. 

th..  h,'it:l,t    would   h(.   ah,,..t   .T,!,   I,.t    ahov..  ih.'   plain 

\nother  anticline  to  th,.   north  of  th..  railuav    i-  „  h  -,„all.  r  -.al..     h,it    w,th 

steeper  slopes,    hav.t.u    a    h.n^th    ot    ahont    a   „,,l,..    a    l...a.ltl,    ,.1    :<«'    l..t      a„.l    a    h.  .L:ht 


\V..>t  ^.i■l.•  :,i,tirli -,ti,.l-t.,ii..  .1,1  \'.-r,,,ilioii  riv.-r.      I.ar,  tm I 

,,l    .,,,   i,..t,    vv,ll,    a   .lip   ot    *,-'    t..  th..   -o,,il,..a-i    and   ot    2..^    i,,,rtl,H.-t        ll    ,'    ».r.'   ..mi, 
1  l..t..d   It-   hi.ij;ht    woiil.i   h..  ahoiil    TJo   ivr'    ah., v..   th..   plain 

An  aiiti,l,n..  at  'ho  Larihu,,.,.!  railwax  l.ri.k.-  ha.-  .-t...|„-,  -I,, p..-  -till.  on..  m.I.. 
.lipping:  l.f  ii,.rih\v.-t  int.,  tlii.  rni.r.  tli..otl,..r  11-  -oiitli.a-t  ,in.|.T  .liilt  It  i-  7:^i» 
t.M.t  »nl,.  Hhir..  th..  s,.(ti,,i,  wa-  ina.l...  an, I  ,1  i..-tor...l  »..iil.l  hav.'  a  h.-i^ht  ,,.  ahoiit 
•Ji»,  t,.,.t  al.o^,.  \,riiiili.,n  riv.M-.  .\-  tiilU  hall  ,,l  tl„.  lohl-  lf..„,  tr.nmh  to  (■r.^-t  i- 
hiiri.'d  iin.l..r  th..  .lay.  w..  may  -iipp.,M.  th..n,  t.,  n,.a-.u..    h»i  .,r   '.im  L.t   in  t,,tal  h.inhi. 

It  ordi.r  t.>  K've  a  i-oinplete  idea  ol  th.-  ,-tr,i.  t  iin-  ,,t  th.'  .san, 1-ton.,  area  a  ecti,,!! 
has  Ik  en  nia.h.  a.  i.iss  the  whoh'  width,  hut  it  «a-  t,,iin<l  ni....^-ar>  t,,  n,ak..  a  jo«  ,1 
half  a  inile  in  on.'  plaie  and  of  a  .piart..r  .,f  a  mil.,  in  anoth.r  -o  a-  to  avoi.l  lartt.- 
j,,.„.,,.,^  !,  ,._  !„.!. ...!■.'.  ho'.v"\er.  that  th..  -.-.tioi,  a-  n.,rk...l  .,ut  i;iMt.  the  general  re 
latiotu-hip.s  eorri'itly.  In  all.  four  anti.lin.-  ,if..  f.mn.l.  th..  t»,,  whi.h  hav..  he.'n  d...s- 
crihed     a      little      nest      of     C'helmsf.)ril    an.l    tn,i     -.miewhat     wi.l.r     ,.n..s     t.mar.l     the 
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„orU.w...t     tlio   last  (....■,   l,o«.,vcr,   sooruinR  nn.ch   L'ss   rogular   than  those  to  the  fouth- 

,„  ,      M„.l >r..  of  th..  M„ta,,.  >~  M.,n.a  «,.h  .Ir.f.  .-wards  th.  so„,heas.   than  t.nvard 

,|,„    ,„„,hw,.-t,    a.ul    th..   r.f:;;...!    -ands, .M^rs    „„   th.    UU.-v    -.d-    a,..    ,UHl.ar,,l    an,l 

not  so  caMly   stii(li<il   as  thoso  risiiiK  out  of  the  fiehLs. 

\lt..r  the  liw..  fold  on  the  north«.^t  tile  sandstone  d.ps  (i-Mi'tly  toward  th«  south- 
,.ast  with  Mnall  cl.tfs  fa<  in«  in  the  opp.v^.te  direction.  ;..ul  is  unde.l.....  b>  tho  Onwaan 
slate  On  the  southeastern  side  of  the  folded  central  region  there  is  a  sn.ular  attitude 
„f  the  heds.  hut  the  slate  is  not  found,  h,  that  evidentl.v  tho  lower  part  of  the  Bcries 
is  huri.d  The  conta.t  of  the  sandstone  with  the  slate  is  even  hetter  .how.i  on  the 
road  fron.  l.ar.hwood  westward,  the  slate  at  that  point  dipping  ".ii.-  to  the  southwest 
un.ler  the  sandstone.  The  dip  of  the  ^andstone  near  the  hotel  at  I.arehwood,  about  one 
eighth  of  a  m.le  fron.  the  e.mta.t  with  the  slate,  is  4'i-  to  tho  southwest,  and  tho 
thiekness   lias  lieen    worked   out    a*,  3.")(l  leet. 

To  the  northeast  of  fhelnisfe  .f  sandstone  ridges  covered  with  woods  continue  some 
distance  north  of  the  railway  to  the  east  side  of  I.umsden  township,  where  thoy  are 
well  oxp.«ed  on  the  road  from  Azilda  to  Trout  lake,  rising  first  above  the  clay  a  Uttle 
north  of  the  line  between  Uayside  and  I.um^den  town.ships.  as  a  small  r.dge  striking 
northeast  and  d.p,.ing  1()«  to  the  northwest.  There  is  a  cliff  of  1.5  feet  facing  south- 
east, and  this  outcrop  may  be  part  „t  the  first  anticlinal  ridge,  the  rest  not  rising 
..hove  the  clav.  After  three-fourths  of  a  mile  of  swamp  another  anticline  is  reached 
toward  the  northwest,  having  a  strike  of  75-  and  a  dip  o^  ^'''^  toward  the  soutteast 
with  a  corresponding  dip  in  the  opposite  direction.  ,.  ■•      , 

The  sandstone  continues  a  mile  or  two  farther  to  the  northeast,  and  the  anticlinal 
hills  extend  for  about  th.,  same  distance  along  the  strike,  beyond  which  plains  of  clay 
and  sand  cover  the  rock,  so  that  the  northeastern  end  c*  the  sandstone  area  cannot  be 
exactly  determined. 

SOURCES  AND  FORMER  EXTENT  OF  THE  SEDIMENTS 
The  sources  of  the  materials  of  the  sedimentary  series  are  not  easily  explained 
in  all  cases,  though  the  granitic  pebbles  and  boulders  of  the  b.isal  Trout  lake  con- 
glomerate no  doubt  originated  in  the  underlying  granites,  especially  the  Laurentian ; 
and  the  sand  of  the  ..uartzitic  layers  may  have  been  supplied  by  Huron.an  quartz.te. 
The  cherty  ingredients  of  the  upper  layers  may  have  been  deposited  from  solution  Ukc 
those  of  the  Aniniikie  of  the  west. 

The  -ater-formed  sedimentary  materials  mixed  with  the  Onaping  tuff  also  are 
easily  .ecounted  for,  as  they  are  mainly  granite,  quart.ite  and  chert;  but  the  volcanic 
centers  from  which  the  explo.sive  eruptions  of  .ish  and  lapilli  took  place  remain  undw- 
,.ov->rable  The  thickness  of  the  tuff.  «rtimated  at  .1.8m  feet,  and  the  area,  of  about 
200\nuare  miles  covered  bv  it.  if  continuous  beneath  tho  s'  te  and  sandstone  indicate 
;  total  amount  of  perhaps  1.3,1  cubic  miles  of  m.iterial  still  p:  erved  and  this  would 
he  incre.ised  grentlv  if  we  imagine  the  tuff  extended  so  as  to  cover  the  whole  area  of 
the  laccolithic  sheet,  which  wa.s  no  doubt  the  ease  in  the  beginning.  An  analysis  of* 
sample  from  north  of  Whitson  lake  by  r:..f.  Walker  indicates  a  composition  not  unlike 
the  aver..^ge  of  the  basic  and  arid  portions  of  the  nickel  eruptive,  and  it  ,s  conceivable 
thitthe  tuff  mav  represent  .in  earlier  eruption  from  the  same  magma,  actually  reaching 
the  surface  in  volcanoes.  Until  some  trace  of  the  bases  of  old  volcanoes  is  discovered  this 
must  however,  remain  doubtful.  Whatever  the  origin  of  the  volcanic  materials  may 
have 'been  they  seem  to  have  dropped  into  the  sea  and  to  have  been  mingled  with 
waterworn    fragments   of    non-volcanic   rock. 

The  Onwatin  slate  mav  be  looked  on  as  ordinary  mud  mingled   with  organic  mat- 

,    .,             ■        f_-_   _,..:„.   „i„„>,.  „,   onimolo.    und   the  Chelmsford   sandstone 
t«r.    probar,!-   ron;::;g    fi'ir:    ■■:.,r,r,-   p.n .i «    j  . 

is  largely  arkose,  which  may  have  resulted  from  the  decay  of  adjoining  Archean  land. 

The  former  extent  of  the  sediments  must  have  been  much  greater  than  the  present, 

but  there  is  very  little  evidence  of  similar  rocks   from  the  surrounding  districts.     The 
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onlv  outside  ox»n.ple  of  the  tuff,  so  far  a.  kno.vn,  .«  «  M„all  patch  near  Boar  ako^  anU 
the  other  rock.  o.  tho  series  have  not  been  foun.i  «.th  cort.u.ty  anywhere  .n  the 
r.Lm  Apparently  the  so.t  sedin,en,s  have  l.«n  le.troyed  every  where  beyond  the 
protect.ve  wa'll  ot  the  ac.d  edge  of  the  eruptue  and  o>  -he  n,e,an.„rphosed  base  adjacent 

'°  "probably    the   most    nearly    snn.lar    torn,atK,n    eU.vhere    ■>    the    Aninuk.e    at    Port 

Vihur    wh.^.  bia.U  .l.te,  ch.rt  and  ark hke  ro.  ks  sonuf  nH.s  called  „uartz.to  occur. 

b:t  the  bll  conglomerate  there  .s  thin,  and  there  .s  nothing  that^  suggests  explos.va 
volcanic  eruptions  such  as  formed  the  great  sheet  of  vitrophyre  tuff. 

PLEISTOCENE   OF  THE   5LDBLRY    DISTRICT 


Ulacial  Action 

^iciil    reconl   of   the   Sudl.'ir.v    r.riun,     ■- 


Tl ol,„-icM    recor.1   ot    t.,e   >MM...nv    ,-..»,„„,,    ,.>  .hoWM    u,    .!,.•   M.hd    n.ck-,   •  u,U,n 

verv   antrent  times,  certainly   not   later  than  the  Cand.r.an,   and   from   that  age  to  the 
P    Ltoceae  no  deposit,  arc  known,  probably  because  the  land  rema.ned  above  sea    evel. 
A  v^lt  amount  of  eroe.on   must  have  taken  place  as  .hown  by  the  cutt.ng  down  of  the 
more  than  mm   feet  of  sed.menta  wh.ch   once   spread  n>ore  w.dely   than   the  pre.ent 
area  of  the  nickel-bearing  eruptive.  ,      ,   ,  .,  i   „„„,i 

The  .hick  ^heet  of  re>idual  mater.aU  whi.h  n.us,   b:nv  re.nlt.d  .rom  U,,-  p.nlnn.zed 
period  :    weathering  and  erosion  ha«  been  cou.pletely  swept   away   or  worked  ov-er  by 
vari.n.s  agencies  in  the  Pleistocene.     Like  all  of  northern  Ontar.o,  the  ^"^^Jury  d..tr,ct 
shows  the  effects  of  glac.al  scour.ng  in  the  bare  and  usually  rounded   rocky  h.li  lops^ 
covered  wth  striae  where  the  rock  has  not  suffered  from  post-glaoal  w^eathemg.     The 
usual  d.rerfon  of  the  .ce  mofon  is  from  N.  3U-  to  N.  4.^",  but  .n  a  few  p  ace«  more 
"han  one  set  of  str.ae  are  to  be  seen;  as  near  Copper  CUff,  where  later  and  less  mcsed 
trTao  run  N.   I.50.   and  at  Chelmsford   where  the  usual  scoring   having  a  direction  of 
N-    -».-«  i.  crested  by  later  ones  rurning  fr,M„  N.  O^w  ,„  X.  ,--      It  ,s  Pr-'-'''';    '""  ''";" 
divergent  stAae  a'e  due  to  local  ue  currents  caused  by  the  shape  of  the  h.lLs  and  do 
not  indicate  the  work  of  later  ice  sheets  coming  from  a  differei.t  direction. 

There  are  parts  of  the  region  where  cliff.s  facing  northeast  have  not  suffered  much 
rounding,  as  if  the  ice  pressure  had  been  unequal,  but  iri  general  the  d-ection  of  the 
ice  movement  was  not  far  from  parallel  to  that  of  the  .trike  of  ti.o  ridges,  .0  that  great 
abrasion  can  hardly  be  looked  for.  The  low  but  sharp  edged  cliffs  of  tho  interior  sandstone 
ridg's    for  instance,  run  from  N.  W''  to  V.  80''  a«  a  rule,  so  that  the  ice  advance  if 
not  parallel  was  only  slightly  diagonal  to  them.  .  ,    ,  ^       ■  •.        ,  ,™KU 

Certain  of  the  rocks,  such  as  tho  basic  edge  of  the  n.ckel-bearing  nonte,  crumble 
too  quickly  under  the  action  of  the  weather  to  preserve  ice  markings  or  even  roc/iM 
^olnnee,  forms;  but   it   is   rather   surprising  to   find  iv.w^  o.tc,   .he  ore   ^od'es   aU  ng 
offsets  from  the  norito  ri«e  as  gossan-covered  hills  wh.ch  have   resisted   ice  e^o^'on.  " 
at  Copper  Cliff,   Evan«  mine,   Stobie  mine,  etc.     It   may   be   noted  also  that   perfectly 
fresh  surfaces  of  pyrrhotite,   polished   and   grooved,   were  disclosed  at   Creighton   mine 
when  the  covering  of  till  was  stripped  off.     It  is  evident  that  boulder  clay  almost  her- 
metioally  seals  the  surfaces  on  which  it  rests. 

Boulder  clay   and  sandy   varieties  of   till   occur   in  many  local.tie-s   in   the   region, 
especially  on  the  lee  side  of  hills  or  ridges,  but  they  cannot  be  traced  as  a  C""*'""""" 
sheet  as"  in  southern  Ontario,  no  doubt  because  this  part  of  tho  area  covered  by  the 
Labradorean    ice  was   near  enough   to  the   centre   of   accumulation    to   be   much   more 
heavily  loaded  than   farther  so.ith,   so  that   the  erosive   and   transporting   work  of  the 
ice  sheet  was  more  effective  than  towards  the  edge  where  it  was  thinned  by  melting. 

During  the  retreat  of  the  last  ice  sheet  morainic  ridgee  were  left  in  many  places 
and  erratics  and  perched  boulders  are  common   in   various   parts.      No   moraines  have 
been  traced  in  detail,  the  nature  ol  our  rocs   in    t:::-    ^•.---,    -.■.    ......  .1.-    -.—---. 

making  that  almost  impossible;  but  morainic  accumulations  were  found  to  be  specially 
common  near  the  northern  nickel  range. 
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Moraiiiii    ri.li;.',.  ;ui<l  k.iil..  poii.l-  (m  i  iir  t.)  thr  xouthwfst  of  Windy  lake,  and  a  long 

.-k.'i.   I.uiniiiij  .ii,   .|„.  |M.nii.-i.l:i    "Ih.Ii    |.r..|..,l.   inln  ll„-   l.ik ts   ^,,u'll».■^t    rorii.-r, 

run-  n<jrtli.'ii-t  kIuM'^  th-  lia-i.  .•.]>;.■  ol  th.'  iik  k.'l-lMiiniin  .■ruptiv.'  lor  about  six  mile* 
lowiiiil  tlii>  valli-y  ot   Onapiiig  incr 

HuuliJiiy  iMoraiiirs  and  uliKially  dainirM.I  piiMd-  air  louiid  jiist  cast  uf  Sand  Cherry 
creek  in  iIk'  nuilli  part  .,1  Morgan  tnwn-lnp,  and  -harp  rid««is  ol  boulders  run  for 
ahont    tlir.c   mil.s   .'a-t    1  Kini    thi-   northw.-'    runicr   id    l.iiiiisd.^n    township,    evidently    a 

iiioraiiii-       A   -miliar   niniainr   i-  (r I   I'V    ilii-   pnrtani-   h.tween    Kri-nilitiian'B   lake  and 

.I,„.\  |„|^,.  ,,1  til.'  M.iitliir'  pait  .il  Wi-riii  !..« ii.-ln|i  ,  and  i  uar>e  in.irainic  niateriaU 
ai;'  tuiind  li.i  KHi-idi'i  al.li'  <ii-iaiiri-s  ii,  tin  w.'-i  nl  Hutlon  t.i\in.--lMp  .some  miles  to  the 
north  1)1   tin    niikil    lanue 

Kairie  deposit-  are  lre,|uent.  a-  at  tin  -ravel  pit  jaM  u.-t  .,f  the  town  ol  Siidhiiry, 
where  iM.^ulailv  -traiiliMJ  .and,  Liraiel  aed  I  ...dd.  r-  i.-i  >.n  .  l..aMt;lullv  rarved  and 
SI  ..nred  .sill  lai  e   ol    i|iiart  zite. 


Kettle  Lake  in  drill,  near  Mi  |i..nald'>  ramp,  l-aln.nl.ridp-  lo«ii>liip. 

ill.'  lonil.ined  ait  ion  ol  ice  and  v.ater  is  exeellently  shown  in  the  wide  plains  of 
.sand  and  gravel  with  some  im. ramie  and  kaiiiedike  lulls  and  ridges  at  the  east  end  of 
t!'e  -eiithern  nukel  ran^e.  trom  Headiiuarters  toward  Hlue  lake  and  Wahnapitae, 
where  there  are  several  kettles  ol  various  diiiien.sion.s,  sniiie  empty  hut  others  oecupied 
hv  a  pond  or  lake.  As  this  iei;ion  eonsists  largely  of  lake  deposits,  however,  it  will 
he   reterred  to  mure  at    leiijith  under  that   heading. 

Lake  Deposits 

W'!,,..,  i^p  i-jcf  ij.f.  tj^.iot  (\Viseon=in !')  rotir'^d  from  nnrthern  Ontario  the  drainage 
ot  tlie  resiion  was  towards  the  Mississippi,  and  in  the  earlier  stages  the  area  of  the 
ureal  upper  lakes  was  larRely  covered  by  lake  Warren.  In  the  later  stage.s  lake 
Ali:"i''|"iii   "as  the    representative   of  the    upper    lake*,    emptying    mainly   by   way    of 
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V,a.-r«,   but    ..>r    a   ..me   .hn.uuh    the   Trent    vnll.-y,    .«t.>  Uk.,   lro,,uou,,    who»«   outlet 
»a»  throuKl.  tl'o  Mohawk  NalU'V  into  the  H..d»on. 

The h f  lak..  \Varr..„  ar.  prohahlv  .h.  h,« n  th.   "-^-^  T";  i;;'''^.^',; '„' 

„  ,  ..,„  ,.,.„  a,„„ a  lov-l  »lo„K  .h..  n..rth..rn  n.U.l  r„n«..  and  even  1,4(KJ  l..t  «.th.n 


lu  Il,ll.■^  to  the  north,   a^  at   Meteor   lake 

t  artier,    somewhat    to   the   northwest    of    ihi-    la.  kil    ri;;i"n 


t.nilt    on    a    i:ravel 

,ntin«  the  hitthest   lake  deposits   in   the 

avel   tl»l    near    Geneva   lake,    »   or   o 


terra. o   1,*"    or   1,:«W  feet   above  the  sea,  repr.*ei 

""1.,". ..;  ...•■ ^-i ". ■'■  '•"' "-« •"•  ■r'"rtirr>.M. ;..'  * 


rare.   .K.ur   at    many    point.,   ..Iteii   three  in  s,„,.->m, 

elevation   ot   moM  ot   the  terraces  known  in  the  Sudbury   d»tr.ct 


Meteor    lake— sand    and   urnel   terrace     

Geneva  lake-Rravel   terrace    :'''""c i    "c„„  > 

(•art.er-Kr.uel  plain,   n.M7  from  Montreal),   l.ai.S  .from   I,.   Sup.) 
Lake   expansion   of   Spanish    river— uravcl    plains 

MuskenoRcma    lake— sravel    plains    

Near    Onapinn,    Windy    lake-nravel    plain 
Moose    creek— gravel    plain 
"  Unaping    sidinK— sand    plain 

"  I'helans   ^idinn— sand    and    gravel    plain    

Trout   lake    in   MorRan   township— gravel    plain    

Island  creek— gravel   plain   

"  lower    terrace    

Trout  lake  in  Bowell  township,  and  regU.n  to  south; 
between   Trout    lake   and   next    lake 
south   of   2nd  lake— gravel   Hat       


North  of   Vermilion   river -sand   liliuii 

Tirrnie    alonti;    river— sand    phiiu 

Ravsiilc  or   Azilda-clav  plain 

Hutton    township,   Osborne'.s    camp-gravol    terrace 

Upper    Vermilion    river.    Cordon's    placer 


Inim — gravel    ter'-ace 
west    of    Hroiison   lake     gravel   terrace 


Feet 
l.l'Jii 
1 ,4(XJ 

1  ,;«.> 

l,31t) 
l,21ti 
1,110 

.  i,.*.'); 

.     927 
1  123 

.   1,163 
.  1,037 


l,2Hi 

\.\m 

1,110 

;r,ii 

«,■*! 
l.itWi 
1,017 
1 .11.11. 

••7.1 

<)."n 

1,000 

900 


.1  "  DaWBOU— tii»iii    [jravei    terrace 

One    mile   east    of   Pawson- boolderv    terrace 
North    of  Onwatin   lake   on    Dawson    Hoad     terrace 
South  of  Onwatin   lake— sandy  plain 

Near  the  southern  nickel  range: 
North  of  Fairbank  lake— gravel  terrace 
North   of    Worthington— clay    plain 

Near    Sudbury   and   Copper   Clitf.    north   of    s„,olter-s»nd    terrace 
Cemetery   north    of  Sudbury   -gravel   terrace 
Clav    flat 

Headquarters,   east    side   of   Garson    township     san.l    plain        

Mnnv  other  terraces  and  flat  plains  of  .lay.  sand  or  grave!  were  observ.  1.  b.it 
owing  t  we  ,  or  conditions  or  length  of  aKsence  from  a  ben.h-mark  -.^  "--^  ^^^^ 
°ng,s  seemed  too  uncertain  to  be  relied  upon.  In  the  above  table  heigh  s  «---  "^J 
^aneroid  are  gnen  in  the  nearest  round  number-,  other  elevations,  -mly  de     rm  ned 

.;.   K,,-'    'r-..'    f r»,Kv:.v   b.     ,  h-nn.rks.    are    given    more   exactly.       As   the   hilLs   a  ong 

■  '  ,     nnr,  „,  9nn  font  )ii'Tlii'r  than  along  the  southern 

the  n.>rthern  nickel  range  rise,  as  a  rule  200  or  300    eet  hi   ti.r  '"••>"  « 

range,  there  were  more  opportunities  to  record  the  higher  beaches  there.     Still   farther 
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111  till-  iinrtli  near  tin.  wiitcr^lii'il  hrtwt'iii  tlic  treat  l.ikrs  ami  ili"  ruirv  tl'Minu  iiifn 
liiiilsoii  liay  tlii'D!  ;.-■  u  liKiail  tnut  ol  strHtiliiil  saixl  arxl  f;lu^•'l  Willi  iiiimiithii^^  kiltli* 
lakes   at  uhdiic  the  level  ut    Meteor  lako  (l,4IN)   fe«t;. 

In  a  Kenerul  uay  one  iiKiy  say  tliiit  tlio  hi^liest  terraces,  say  those  ahuve  I.'JIW  foot, 
lioJoDK  <«  Ittko  Wiirren,  anil  the  lower  oneK  down  to  ahoiit  !KK)  to  lakn  Algonquin  Still 
loner  Kravel  teiTui(v<  may  ImIoiik  to  some  iiit^rmetiiate  stu^e  (jetueeu  it  and  lake 
Nlpl^)'lIl(^  t'litil  the  (oiiiiet  t  mus  liu\e  lieeii  uorked  out  it  11111*1.  Iiowevrr,  reiiiuiii  ciii- 
icrtiiiii  jiist  «herr  ii  uneii  teiraie  slioiild  !)<■  |)luc  ed  111  the  serios  ol  old  lake.s  I'roiii 
Wiirren  dowiiward*.  .\s  lake  .\i|)i-j.iin;  is  only  til8  li'et  aliove  M-a  level,  and  tlio  level 
ol  old  lake  Vipi^Mim  was  imt  very  iiiiiili  lusher,  it  is  ev  idi'iit  that  none  ol  the  water- 
levels  ol    t  lie  .SihUmhv    le^ion    lirloii^    to    it.    all   Ijeiiif;   (Oii.sulerubly  too   liii;h. 

In  till'  hmliist  sta)ies  ot  lake  Warren  the  l.a^iii  eiK  losed  liy  the  iiiikel  ranges  wa.s 
eoiii|il('tely  siihiiier  ^ed  »ith  (inly  tlie  higher  hilK  aloni;  tlu'  northern  eilge  standing 
ahove  water  as  a  low  riK ky  sliori'  (jr  a>  Miiall  island>  .\l  tlim  tune  indeed  most  oi  the 
hasili  may  still  have  lioeii  o(xu|iied  liy  Ice.  Imt  as  llie  iie  tront  retreatei]  the  retjion  to 
the  norllieast  was  risinp.  so  that  the  enlarKini:  vv.nei^  ol  the  lako  stood  relatively 
Idvver  and  lower  here  towards  it.s  northern  eiirl.  toniiin)^  the  sun  &ssioii  of  terraces 
mentioned. 

Ily  the  time  when  lake  Warren  was  draiiieil  to  the  lower  level  ot  AlKoiii|uin  the 
water  had  so  far  lallen  that  the  interior  ol  the  Ka-in  hec  aiiie  a  hay  completely  enclosed 
escept  at  a  few  channels  opening  southwards  ac  ici»s  the  southern  nickel  range,  as  along 
the   valley   of  Vermilion   river. 

While  ilie  hroad  gravel  plains  were  heiiig  c  c.nsti  ui  ted  at  the  higher  levels  .sand  wius 
lieing  deposited  in  the  slinllovv  water  and  sill  and  ilav  in  deeper  parts,  forming  the 
flat  plain  of  clay  and  .sand  standing  at  leveln  lictween  TV)  and  tXKJ  feet,  affording  .several 
townships  of  good  land  now  largely  taken  up  h.v  fanners  In  general  the  valleys  of  the 
rivers  and  creeks  are  cut  more  or  le.ss  deeply  into  these  deposits  showing  finely  strati- 
lied  clay  often  (civered  with  a  few  feet  ot  yellow  sand  Along  the  watercourses  sand 
jirevails  for  a  few  hundred  yards  or  half  a  mile,  but  inland  from  the  streams  clay 
Is  tound.  These  deep-water  deposits  are  often  c|iiit(.  thick  and  fill  up  all  deprcs-sions 
in  the  older  rcHk.s  to  a  common  level  out  of  which  the  steep  walled  hills  rise  suddenly 
with  very  little  talus  to  lilend  llnir  slopes  into  the  plain.  The  contra.st  in  coming  from 
the  excessively  rugtc.cl  and  precipitous  liill^  I  '  iiecl  hy  1  he  acid  ech^e  of  the  nii  kel- 
hearing  eriiptivp  and  the  hardened  conglomerate  and  tuff  to  the  plains  of  clay  near 
.\zilda  or  Chelmsford  is  very  striking. 

The  depth  of  the  stratified  clay  has  seldom  been  determined,  hut  in  one  cafie, 
mirth  of  the  railway  at  Azilda,  a  well  was  driven  to  a  depth  of  Hi""  feet  witliout  touch- 
ing rock. 

It  is  probable  that  the  rc.treating  ice  occupied  the  region  east  of  Headc|uarters 
for  some  time  toward  the  end  of  th(.  series  of  Warren  water  levels,  and  the  stagnant 
ice  of  its  edge  fre(|uently  got  buried  under  shore  deposit*  of  sand  and  gravel,  to  thaw 
at  a  later  time  and  leave  the  irregular  basins  which  are  called  "kettles."  These  have 
walls  of  sand  or  gravel  as  steep  as  the  materials  will  lie  with  a  fairly  flat  marshy  floor 
drained  thrcuigli  some  pervious  layer  or  a  lake,  often  with  no  apparent  outlet.  One 
ol  these  basins  on  the  road  to  lake  Wahnapitae  is  three-riuarters  of  a  mile  in  length 
by  a  quarter  of  a  mile  in  breadth,  and  Ki-"!  feet  deep.  I'art  of  the  bottom  is  occupied 
by  a  pond  said  to  be  611  feet  deep. 

The  source  of  the  materials  for  the  large  gravel  plains  along  the  northern  nickel 
range  and  farther  north  toward  the  height  of  land  is  to  be  found  probably  in  glacial 
Rraveis  01  a  kame-like  character  which  the  waves  of  the  great  lake  at  the  front  of 
the  ice  distributed  as  thev  were  broui:lit  down  by  th"  suh-glacial  rivers,  which  have 
left   behind  esker  ridges  in  varioi:-    places. 
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Distribution    of   Lake  Deposits 

The  lacustrine  day  which  include,  most  of  tho  farm  land  uf  the  Su.ll.urj  r.-a.on 
has  almost  tl,..  tlatni'ss  ,f  not  tho  eitont  of  tho  prairi.s.  and  n,v.-r,  n„l  al.uir  Urn.. 
tra.t^  Ml  th..  int.rmr  l.a^in  hut  also  to  tho  south  of  thr  nukd  ra.iKo.  In  tl.«  interior 
t.„M„  .  I«v  lan.l  s.ntal,!..  I..r  farmi.ie  l-Pgins  alonR  the  hh..r.»  of  Vermilion  lake  in  the 
north  half  ot  Kairhank  t„«.isl,i|.,  line  Kroves  of  maples  and  other  .leciduouii  li«« 
ocupyinK  a   nnle  or   t«o  alontl  the   northwest   Mde    .f  the  lake   on    low    land   of    •   »llty 

,„„,„,.       To    „,..    ..».t    tl,e    II..,    ,l»v     plan,    uitl ..1--^    ..1    ^l...'    n-.n^    .luooul,     ,t 

extends  t.,  the  southward  1 1  ol  the   V.rmili....  rnrr  and  as  a  narrow  hand  along  the 

river    valley    to   the   talU    '17    feet  i    in    tlie  .-oiith.nsi    <  oi  ner    of    (  reiyhton    t.iwnship,    and 


Kami  land  A^ilda  ;  from  eliif  of  Aeid  i:niplive. 
then  to  the  north  shore  of  Whit'-water  lake,  where  it  projects  (-ome  distance  into  the 
acid  edge  of  the  nickel-biaring  onii  tive  beyond  Rayside  or  Azilda,  Tho  two  southward 
extensions  of  the  clay  occupy  parts  of  two  low  passes  in  the  southern  rim  of  th©  basin, 
the  exit  of  Vermilion  river,  which  carries  the  whole  drainage  of  the  basin,  being  of 
course  the  lower  of  the  two,  having  a  level  of  about  80)  feet  above  .sia  level. 

The  southern  dav  hand  then  turns  northeast  throuzli  I>"i'-  of  tl  ••  town-liip-  ■  I  Ua\- 
side,  Blezard,  Hanmer  and  Capreol,  in  the  latter  townsliip  becoming  silty  and  sandy,  but 
still  affording  good  land  now  being  rapidly  taken  up  by  settlers.  At  the  southeast  end 
of  Capreol  the  loamy  plain*  give  place  to  glaciu-lacustrine  plains  of  gravel  with  kames 
and  moraines  and  kettle  holes,  as  mentioned  earlier,  un6t  for  farming;  and  to  th© 
northeast  rise  the  hills  of  the  acid  edge. 

To  the  northwest  of  the  clay  belt  just  referred  to  good  land  extends  into  the 
southern  half  of  Dowling,  here  becoming  more  sandy  in  charajler  until  it  merges  into 
♦  u-  ^~yi;i  --.J  ™^»,.-p!  »>!ain-i  .-iIom..!  the  nort^i^estern.  "■a''2''>  of  the  ha.sin.  F^xcept  for 
anticlinal  ridges  of  the  central  sandstone  there  is  good  clay  soil  froji  Larcbwood  to 
Chelmsford   and   on   northeastwards    to    Hanmer   township.     Along   the   Vermilion    river 
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,„„1   ,„    ,1„.    „„Ml,     .1    II    111-    lu«l..i„l   ,uM>i»ts    .n4,Ml>    ..I    u-.l,.,-   >..n.l    u.mI    tfr.Nrl    plaMii 

...II,  M.M.v   «i«v.l   t.rnu.v   III   .1 |"■.l..l«^    ..I     .L-    InH^    "l"-^    ""•    »' "'    •"'«";•'    ""• 

,.„rtli.r..  ■....!>.  I    n..>«-       TL-    mII»«-   -"    (  MmMonl,    l.»r.h»,>.Hl,    A^.ld.    ...J    Wleiard 
\..ll,  s   .ii.    i:,..«,„i;   ..|.   ..     i.i,.,|Mr.M„  ..i.tr.-.,  f„r   .!..•   fariiUMU   rt-Kmn. 

>.„„|,  „.   .1,.  „..k.,l   lani;..  .!..■  .11..-  "t  K'H'J  'l»y  l^"""  -'"  """"  ^^•""''J  »"J  '''  '"^ 

..x,..,,-     ..«..!;:  t„,l...   m i.M-t..„.    ,l>a.a.t.r    „l    il:-    .\..l— a  lo.U  «.  compareJ   «i'l, 

,h..M.,lni,..|,.^  ..I    .1..    .....,,.„     M-n,        A     .„„.v.,l...,.M,.    ,n„i.l,..r    ul     f.rm.,    oxtwul     frmn 

.,„1,„„,     ,„.r.|,    .„    S.oln..    an,l    ,....- |.,..,  •-     :.,-     (i... ^'<"\    N-l-    '■•«'-"P-    '"'t    '•'^'•'-^ 

,„„.,|,„,,,    ,|„.  I.in.l  l,r..,n„->  -...,.!>    ..n.l  |...~--  Mi.t-  i;'">'l  1>I'""--  "''«'   Uradqiiartor.. 

ll„, ,n.|ll    a,,.-   .. 1   -1    ...U.I ...   S.i.lh.n.    :,1.....  -l,.;   >..„1.    I....m,I,   „t 

,,,.,,„,,)„.„    ,.,,,„„     „.,„    ,„,,,„,    (lilf.    Naii^li.uM.    \Vl,„...i,li,    \\„r.hiM«.„.i    ,.ml    .,  h.T 

,,„„„.    oa.li    ......1 1   l.v    "    'ar.n.Ts,    an.l    -I.--    ar-   Mill   w„...l..,l    tra.tn   u,    r«ll...« 

,la^    laii.i   to  tli..   imrlli  ..I    tli.'    ..iil»a>    '■>    vancu^  |.l.u..s  Mi.tHl.l.'   I..r   M-ttl-iiifnt. 

M.r. ,.-,   n 1  laii.l  .■st...i.l 1^:  tl,,.   I.«.T  ;:r..,..„l   a.lj.M.i.ntf   th.,  SaiiU    li-.'   ". 

I    ,,,.,  H,„„M     Sa,,!.   S...     M»,i.    an.l  (..-..lai,  l.av  .„,   I.ak-  S,i,u.r...r  .  l.Mt    thw  ^...'s  l..v,.,„l 

,1„.  d,sf,„  t  M„w  UMd.r  ,,.ri».l.rut..,n      In  .1,.- ..t.m  rrtfons  a.  toward  the  e.»t,  ono 

nn.l-  -I,..  !..«  Ivinu  .1..V  r,M„.  ...«ar.l  .l.^  -r.l,  a„.l  .,.■,  ...nin;;  m,.v...1  «„h  .and  oiui- 
ing  w.th  sand' and  Krav.l  -rra...  al..n«  ,!,.■  r..  U>  h.lU  wI.kIi  ru-«  a  Irw  m.l«  from 
th..  shuro  1)1   thi'  lake 

(travel  i'laln.s  and  Terraces 
Cra^.l    plan,..   ...    ll..-^  ..1    .-and    an.l   ^rav.l.   -xf.nd    bftwe^-n    tlu.    Archoan   hills    far 

,„  ,he   north«..,t    ..1    tl,-   »,.il„.i.v   .li-.n.t.  1   hav-   l,..on    pi.t    t,.   ,...■  I.y  th.-   Canadian 

Pa.Hlr  railway,  «h..h  al»av.  I,..a...,   ,t^  ,Md,„^.  an.l  ^.a.,.,i,.  m,   ^n.h  plums  .f  p.^s.M.v 

\V,.hin  tho  limit,  ol  ...,r  i„ap  ^,..1,  pl.un.  ..si.^t    n,  ar  (i- laU,   a.   (  ar.,..r,  at   W  .n, l.v 

lak..  Md,M«  and  at  lM,.,a„  >.  .1,..  la-t  p..>n.  hmv-  w>tl„n  th..  ha.in  h.r..  ''-^''^'^  ^'';; 
t;,av..l  plain,  aroiii,,!  I'li.  lai.  ,  an.l  0.,ap,n^:  .-xt..,,.!  northwards  al..n«  tl,.-  Onap.ng 
vall,.v  to  the  n,o„tl,  .,1  .M<.»...  .  .-...k  Sni.ilar  >:,.ul  a-.l  ^rav.■l  Lriac...  strWeh  hay-hko 
into  all  the  rnt.r  .all-.vs  ul,„h  . ...„.■  -outh  thr,m«h  th.  n..rthi.rn  nirk-.l  ranue,  as  alon^ 
Man.l  a„.l  San-i  fhorrv  .  n-.k,  u,  M.H-ai,  township.  N.'l-.  n  ,i>.r  ai.l  .1,.  ,_.■,..•.  -'i  h 
.,,  T,„ut  lak..  Thov  are  lound  t.„,  alon»;  Hapi.l  riv..r  and  .-.nth  ..I  tl,..  I'ron.hmans 
lak.~   ,1,    North.rn    llanmer  oxtondinK   to  V..ri.,ili..n    ri^or   north  .)f   Onwatin    lak.-. 

\wav  t.,  tl».  north  tor  -10  mil.,  san.l  and  >;rav,.|  with  ..-^k.r.v.  kai,,..,  an.l  kt-ttl.- 
,„.,„K  aii.l  lak...  .-xt.-nd  along  the  Vrn„il,..n.  tl,..  h.a.l  Vat.-r.s  of  th.-  Wahnapita.-  and 
around    Mi-t.'or  lake,   it.-cif  an   ii,in,(.nsc  kettl.-  v>all.d  with  urav.l. 

rhi,  i,r...'„lar  .hain  ..t  t;rav..l  plain-  r„n.,,i,s;  ii|.  Iron,  l.i|-.'l  f'-'t  ahovt-  s.-a  in  tl,.- 
.o„tl,  to  I  IIK)  ,n  ih..  i...ith  ,it  tl,..  wat..r-l,...|  ,>  oi  mr.rr.-t  :>-  .  .,„taiMin«  plac..r  gold. 
M,i„,.tin,..-  r.<)  ,,r  li"i  very  tin..  ...lors  l>..inK  j:.,t  in  a  pan.  th.oinl,  li-iially  the  nurnher  i, 
mini,   k-s.s..!i 

Soiith.a.t  Ol  tl,..  .|-t  ..nd  of  tho  nukcl  ha-in  is  tho  largo  .-an.l  and  Kravil  aroa 
,.,.,,.,r..l  .„  h..l..r..  ii..a,-  ll...,dM„art..r-,  in.ln.lu,.;  pa,-.~  .1  tl,..  t.,«n.|„p.  .,1  (Viovol. 
Ma.Unnan  r.ar.son  an.l  Fal.-..MhridRO.  and  rovoring  tor  a  .spaco  tho  hasic  .-.lno  of  tho 
v>,ith.-n,  „i,k..|  ran-..  ILro.  a-  .m  tho  V.-rM,ilion  -,.ntl,  .>f  tho  w.^-t  .-n.l  ot  tho  rans;- 
an.l  aU.,  al.ing  tl,..  I,n..  ot  tho  Cana.lian  i'a.iti.'  wo.t  of  Su.U.iivy,  tho,o  ,-  a  -inkinn 
in  tho  hardon..d  tntf-  an.l  tho  aoid  odi:-  „t  th.-  ni<  k..|-hoarini:  nnk.  whi,  I,  in  th.-  lat.-r 
tin,..-  ot  th..  ula,  iai  lak.-.  forniod  a  <hani,..l  K.tw.on  tho  hay  .-ndoM-.l  m  tho  haMn  anl 
th,-  hroad  lak..  t..  tl,.-  -oiith  and  wo-t 

■ri,..  -andv  an.l  -rav.^llv  t..rra,..s  an.l  l.la.n.-  ».■,..  f..rn,.-rly  rovor-.d  with  a  goo,! 
crowrl,  „t  pin.-,  hot  in  n,..-t  parts  thi.s  ha-  h.-...!  out.  an.l  too  ofton  firo  has  run  sinco. 
r..,ln,  inu  ih..   pla,i,-   t..  harron   wast.-s  .,r   a   low   -onil.  of   so.ond   growth   jaok-pme. 

,,Bnr     Mil,ei.    1897.    pp.    256.9;    and   1901.  pp.   151-9. 
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l*etro|craph>  of  th«  Nickel  Hruptive 

SiiK"  It  Ha^  .|iMt)MTcd  liy  l'riil"*tor  T  I.  W  »lki'r  in  \-*'>'  lliat  <lii-  li.iMr  r...  Wi 
i.,,.iiafiil  with  Ml'  ^'iill'tiry  tin  kiO  urns  pms  liv  iiiscti-ililo  l{rll(Utl.lll^  n\u,  aMii  r(><  U;. 
Ii»vini{  the  composition  of  ursnite,  it  Iish  brt-ii  ilithcult  to  kim-  h  pftnpuriiplai  al  iimiie 
to  the  whol<'  ni^u.s  of  .TiiptiVB  rork,  now  known  to  lorni  »  ...Miiiuml  •ihi-et  a  milo  and  h 
r|u»rl<T  lliKk  on  the  aviTBRo.  It  would  ho  ninnil.'^tlv  in.orrcit  to  iiaruf  it  I'lthiT 
noriti-  or  uranito,  so  that  hiihiTto  in  thin  ri'p<)ri  non  (oiniiuttal  Iitiu,  -inh  ai  th.' 
•nickel  eriiptn.^"  or  the  'nickelhi'arinK  oriiptiK-  '  haM-  b<cn  I'lnplov...!.  U.-lore  I'rol 
WalkiT'i  (iisiojory  the  hanic  miii"  ol  the  khii't  wa^.  mapped  m'panitrly  a»  ^^rl•en^tolle, 
anil  siuh  names  lu.  diorito  and  diabase  were  applied  to  it,  naturally  .iioukIi,  ^inco  the 
ordinary  weathered  pha^e  showi.  no  pyroxene,  and  to  a  certain  extent  there  is  a  aiiK- 
Koation  of  ophitic  htriKliire  in   the  nx  k       In   1*''J   Haron   von   Konllon  showed  that  the 

tti-li    n.(k   at    Moriiiv    niinr    l-   nontr      uirl    it    i,   lertain    that    ot I    the    -aii,pl.>    Ir 

a  mppi^ed  dike  at  the  llleiard  mine,  M'nt  by  l>r  Il.-ll  to  I'rof  (J.  H.  Williania  f.>r 
uleiititication,  and  named  quartz  hypersthene  K«bbro,  »»-.  really  from  the  b.utic  edne 
,,t  the  eruptive,  so  that  the  true  nature  of  the  ro<  k  had  already  been  slujwn  m  189<)  << 
h,  1!<'J3  the  prohent  writer  iioti'd  the  presence  ot  ({abbro  containing  dialla«e  and 
eIl,^tatlte   assodated    with  ore    in    the   northern    iiukel    ran({e  <> 

The  acid  pha.se  of  the  -hct  ha-,  been  variously  named  -yeiute,  uncus,  granite  »nd 
iiii<  ropetiiiatite.  and  there  ii-,  some  justifK  ation  lor  all  ol  these  names,  dince  the  rw  k 
contains  considerable  i|uartz.  but  almost  always  pe^jmatically  internrown  with  feldspar, 
so  as  to  he  invi<.ible  to  the  naked  eye,  and  there  is  fre(iutntly  a  <lKtinct  gneits.s<jid  or 
iliistose  stniiture.  In  former  reports  on  the  rei;inn  the  .n  id  side  of  the  eruptive 
lias  been  mapped  in  mnrv  case^  a.  I.aurentiari  unci-,  l.u'  .■■  a.ionalK  .1-  a  llnroin.ii 
schist,  and  never  as  granite  or  syenite,  excipt  by  I'rol  Walki'r  in  the  sketch  map 
arcompanyiiiK  the  paper  mentioned  before  That  the  nxk  was  a  mirropegniatite  in 
structure  was  noted  by  the  present  writer  in  connexion  with  the  northern  range,  but 
It  was  not  ob-erved  that  the  basic  ■\nd  acid  phAses  belonned  to  the  same  sheet  of 
eruptive   rock, 

KxccUenf  a(  counts  of  the  nickel  eruptive  have  been  lii.eii  b>  I'rof  Walker  in  his 
Inaugural  Dissertation  and  by  Dr.  Harlow  in  various  (Jeolouu  al  .'<ur\cy  reports, 
especially  hi.s  latest,  published  in  IIXU  ;>5  and  detailed  accounts  of  the  nx  k  as  sliown 
in  various  sections  across  the  eruptive  have  been  given  in  former  reports  of  the  Uureaii 
of  Mines. !S  Since  the  last  report  was  written  the  eruptive  has  been  oxammed,  in 
some  new  localities,  and  it  will  be  useful  to  give  the  results  as  a  wliole  in  this  final 
report   on  the  region. 

That  good  sections  across  the  whole  width  of  the  eruptive  are  found  along  the 
C.  1».  R.  between  Murray  mine  and  Azilda,  and  near  Onaping,  has  been  well  shown  by 
Prof.  Walker;  and  several  other  fairly  good  sections  occur  at  some  of  the  lakes,  such 
as  Kairbank  lake.  AVhitson  lake.  Uliic  lake  and  JoeV  lake.  Some  of  the  wagon  roads 
of  the  region  also  give  good  exposures,  as  from  Ulozard  to  the  north  end  of  Whitson 
lake,  and  between  the  Emery  Headquarters  and  Capuol  townshii,.  Most  of  these 
sections,  which  are  from  three  to  four  miles  long,  have  been  briefly  mentioned  in  the 
detailed  account  of  the  nickel  ranges.  One  very  interesting  section  across  the  nar- 
rowest portion  of  the  range  in  the  northeast  part  of  Morgan  township  is  very 
inaccessible,    but    .specimens   have   been    obtained    from    each   edge. 

Two  of  these  seitions  may  be  chosen  as  typical,  the  ore  from  Murray  mine  to 
.Vzilda   and  the   section    at    Onaping 

7,0    S    Can,   1890,  Part  F.   p.  77.  35  Can.  R«.   of  Science.   Apr.   1893,  p    314. 

-<G.  B.  Ci  Vol.  XIV.  Part  H. 

>^Bur.   Minei,   1903.  pp.   293-6;   and  1904,  pp.  208-213 
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THU  MURRAY  MINK  SIXTION 

The  noritf  ni^ar  the  Murray  and  KImo  niiiifs  u,  dark  ^ray.  tMar,c-nrained,  and 
contains  blebs  ol  blue  quartz  and  tlak-s  ol  inua.  which  are  easily  seen  without  a  lens^ 
There  is  a  tetideiiev  ti.  the  o-.hitic  structure  m  some  speeinicns  but  not  in  others,  and 
there  is  a  K>«at  dilfereiue  a*  to  Ireshne.ss.  The  rock  weathers  readily  into  rounded 
forms  hall   embedded   iii  coarse   sand  resultin^;   from   its  own  decay. 

l-r.sh  thill  scith.n^  luMM-t  iiiaiiilv  ol  pl.ijii.iclase  and  hyperstlieii.'  uiili  ^i  littlr 
annitv  -luartz  and  bioMte.  tiie  pbl^;,...•la..■  haMiij;  the  extiiietion  aii-les  M  hib,  a.l.uite. 
The  feldspar  makes  up  t»o-t  birds  ol  the  roi  k  m  my  best  section  and  tlie  hypersthene 
a  .,uarter,  the  latt.r  mineral  beins  pleochroie,  There  are  also  a  sli-htly  pleochroic 
auKite  m  small  quantities,  a  little  biotite,  and  a  very  little  hornblende,  honietimes 
the  hvperstliene  has  h.kkI  crystal  forms  aKaiiist  th..  teblspar  and  sometimes  the  reverse, 
yuartz  lonu,-  ».di:es  betH.-.i,  the  rather  plaiy  lekKpars.  which  are  fre~h  but  have  a 
pale   brottiiis''  color. 


CaiiadiairCopper  Coiuiiany's  new.Hiiielter  from  iiortlieaHt. 

A  specimen  from  the  mine  itself,  containing  several  per  cent,  of  ore  differs  from 
tho  one  described  in  having  le.ss  plaRioclase  than  hypersthene  and  very  little  quartz, 
and  there  are  aNo  variations  in  the  amount  of  biotite.  so  that  the  proportions  of  the 
minerals  normally   formini:  the  rock   are  somewhat   uncertain. 

Most  of  th""  norite  from  Murray  and  K.lsie  mines  is  however  no  longer  fresh 
enoimh  to  retain  the  pyroxene,  which  lias  been  transformed  into  ratb.T  compact- 
looking  hornblende  in  some  cases,  and  in  others  to  uralite  or  serpentine.  The  plagio- 
clase   remains  fresh,   luiwever,   and   the  biotite   .seems   unchanged. 

For  a  mile  and  a  half  to  the  northwest  along  the  railway  there  is  little  change  in 
the  norite,  except  for  an  increase  in  the  amount  of  quartz  which  has  more  or  less  of 
a    graphic   intergrowth    with    the    feldspar,    but    beyond    this   the   weathered    surface   of 
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tho  rock  li('»omes  reddish  and  wiigRcsts.  a  dark  syenite.  Thin  sections  disclose  quartz 
and  pliigiodase  with  hiotite,  secondary  hornblende  and  apatite,  the  first  two  iiiinerals 
largely  intergrown  as  micropegniatite  which  radiates  from  a  crystal  of  andesine.  There 
may  be  a  little  orthoclase,  but  in  the  main  the  feldspars  are  of  the  soda-lime  varieties, 
so  that  the  rock  should  be  named  niicropcgmatitic  quartz  dionte 

Nearer  the  acid  edge  of  the  eruptive  the  rock  does  not  (hango  much  in  appearance 
except  to  grow  more  schistose,  and  thin  sections  differ  only  in  containii.g  more  micro- 
pegmatite  and  also  more  um^triated  feldspar,  so  that  it  should  be  classed  as  pegmatitic 
granodiorite  or  granite.  Where  the  schit>tosity  is  pronounced  there  is  often  too  much 
crushing  to  show   the  micropegmatite  distinctly. 

Tho  series  collected  on  the  "-oad  from  Blezard  north  to  the  end  of  Whitson  lake 
is  very  similar  to  that  just  described,  except  that  there  is  less  schistose  structure  toward 
the  acid  edge.  The  norite  at  a  point  a  little  north  of  the  mine  was  found  by  Prof. 
Walker  to  be  the  freshest  in  the  region,  and  thin  sections  are  very  handsome.  Plagio- 
clase  (labradoritei.  hyperfithenc,  diallage  and  biotitc  make  up  the  most  of  the  section, 
but  some  hornblende,  probably  secondary,  quartz  partly  as  pegmatite,  and  apatite 
are  found  also. 

Prof.  Walker  has  published  analyses  of  specimens  taken  somewhat  to  the  east 
of  tho  road  along  the  shore  of  Whitson  lake  and  his  results  will  be  given  later  along 
with  rock  analyses  from  other  parts  of  the  range.  His  work  shows  an  increase  in 
silica,  potash  and  soda  from  south  to  north  and  a  decrease  in  lime  and  magnesia, 
corresponding  to  the  change  in  mineral  composition  of  tho  ruck  i"  Both  of  the 
mictions  just  described  include  considerable  masses  of  granite  aid  of  ri-arr:iiis;cd  arkosc. 
whi(  h  have  been  left  out  of  acc>i  nt  in  the  description. 


THE  ONAPINO  SnCTION 

The  best  section  across  the  northern  nickel  range  is  one  which  Prof.  Walker  firet 
described,  following  the  railway  from  Windy  lake  to  Onaping  from  basic  to  acid  edge, 
reversing  the  order  found  at  Murray  and  Blezard  mines.  Railway  cuttings  provide 
a  very  complete  series  of  specimens  which  differ  considerably  in  appearance  from  those 
described  from  the  southern  range. 

At  the  basic  edge  the  rock  is  rather  coarse-grained  and  of  a  much  lighter  gray 
color  than  the  corresponding  rock  at  Murray  mine.  There  follow  syenitic-looking  rocks 
made  up  of  flesh-colored  and  green  minerals,  and  finally  near  the  acid  edge  greenish 
eray  locks  rather  finer-drained  and  with  lath-shaped  feldspar.s.  No  part  of  the  seri.- 
is  schistose,  indicating   less  squeezing   and  shearing  than   on   the   southern  range. 

Going  eastwards  along  the  railway  from  Windy  lake  siding  Laurentian  is  seen  for 
a  quarter  of  a  mile,  when  drift  and  an  esker  ridge  cover  the  rock  tor  a  distance.  At 
the  northwest  end  of  Windy  lake  gray,  dioritic-looking  norite  crops  out,  rather  coarse 
and  speckled  in  appearance,  consisting,  as  seen  under  the  microscope,  mainly  of  plagio- 
clase,  hypersthene  and  augite.  with  a  little  quartz,  biotite,  and  hornblende,  many  prisms 
of  apatite  and  some  magnetite.  The  plagioclase,  which  is  dear  and  colorless  and 
m.ikes  up  about  half  of  the  rock,  has  extinction  angles  corresponding  to  andesine  or 
labradorite,  and  is  generally  hypidiomorphic ;  while  the  hypersthene  is  idiomorphic. 
This  mineral  presents  some  anomalies,  bince  some  cry.stals  showing  the  usual  pleochroism, 
red  brown,  pale  brownish  iiro'n  and  pnlc  yellowish,  have  parall. !  extinction,  while 
others  pxtinijiiish  at  various  anfles  up  to  28  degrees.  Diallage.  brown  and  fibrous- 
looking,  non-pleochroic.and  with  an  extinction  angle  of  about  45  degrees  occurs  in  small 
quantities  also;  the  small  amount  of  hornblende  present  forms  margins  about  tho 
minerals  just  mentioned  ;   and  the  brown  biotite  is  present  only   in  trifling  quantities. 

A  specimen  frc^n  a  cutting  a  hundred  yards  east  is  coarser  grained  and  not  quite 
so  fre<li.  but  daes  not  differ  greatly  in  composition.      An     i>nalysis    of    this    rock     given 
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later,  sho«s  r^i.tiV  pir  c-nt.  ot  s.lxa,  cons.deraMy  more  than  Professor  Walker  found 
in  iioritc  tnmi  Blezard   mine  on  the  southern   range. 

KUty  vard*  tarther  east  coarse  rod  syenitic-lookint;  r,.<k  begins  and  lasts  to  Onapinj; 
.ta.i.m,  showing  .n  various  cuttings.  Thin  sections  prove,  however,  that  the  ro,  k 
nntains  a  large  amount  of  quartz  mostly  p.gmatiticallv  mtergro^n  with  t.Mspur,  hut 
partly  as  lairly  large  clear  spaces,  so  that  it  is  too  acid  lor  syenite,  and  an  analysis 
uiv.n  later  c  ntirms  this  hy  showing  .».-18  per  cent.  o.  s.l.ca.  The  leWKpar^  are  ve, . 
hadly  weathered,  hut  the  well  formed  crystals  making  the  starting  point  for  micr... 
pegmatite  seem  to  he   all  plagioclase,  though  the  analysis  proves  that    potash   and   soda 

'n      pn-en,     in    al .al    a n,s,     ^  K,0    :i.:i.l.     NaM.    IVT:;.     -.    . hat    the   lel.Upa,    n, 

ihe  pegmatite  must  he  chiefly  ortlioclase.  The  dark  minerals  im  lude  >-'<""dary  look- 
ing hornhlcnde  and  the  mineral  resembling  epidote  named  by  I'rolessor  \S  alker  woe  i- 
|..,i„.  The  bust  specimen  collected  to  the  west  of  Unap.ng  stati.u.  has  extraordinarily 
.b.n.ler  prisms  <.l    teULspar,   which  strike  the  eye  immediately  on   trosh  surfaces. 

To  th.>  east  ol  the  station  the  appearance  of  the  ro.k  changes  and  it  become, 
m,en,~h  grav  and  llner-graincl  .  tbouub  the  nncn.Mop,.  bnu.  i.t.!,.  ditfc ,  n.  e  e  v  ,■;„ 
the  pre,ence<.l  more  hornblende.  .\n  analysis  proves  that  th..s  rock  is  les«  acd  than 
tb.  red  variety  west  ot   Onaping,   since   it  contains  only  .il.<J3  per  cent,   ot  silica. 

\t    the   margin   of   the   eruptne  ag^ln^t    •  ,e  basal   conglomerate   bei.    .'h   the   tutfs. 

,,    l„,.„„e.    l,„e,-.MaiM.-,l.    tbungl,    s,,ll    ^nc„    a„,|    .liont  ic-lookne.' .      an.l     th, f  „- 

'bow   ,bnrt.    stout    .rystals    an,l   httle    mn  ropegniatite.    the   quartz,    which   is   present   m 
,,,i,sul.iabb-    an, omit,    being    mo.-tly   granular,  ■      ,     ,      r       i 

Tbe  M.iinns    |u.,t    (lescnbe.l   mav    b.    luokcl   is   tM,i,al,  Mn.e   th.y    include  fresh 

,„,,,ie    ..,,1   cnwr    tbe    full    width    ot   the   eruptive,    tour    miles    on   the    southern    range, 

a.out  tuo  and  a  half  ...  a  straight  U.,e  on  the  ..o.-thern.      Karl,  bcg.n^  w^.tb  quartz- 

(„„U.e-„or,te  „n  tbe  baMc  edge,  pa.^e,  through  intermediate  -tages  m  wbn  h  m.cru 
pc.'matite  ,Kcu..s  m  m,  .easing  amount,  and  end,  .n  a  .n.  k  cnns.,'.,.-  mainly  .m 
inirr..iM.gma.ite  eiHloMng  rrvstals  ot  an.lcsnu.  with  hornblend..  and  b.ot.te.  bav..ig  a 
.hcmual  ronipus,t..u,  co,Te,p„.Hl..,g  to  giano-diorite.  Th.'.-e  .,  ,.„e  very  .,u.m,ta.,l 
.hffcnnr,.    betwc.n    tbe    southern    and    tbe    northern    sections,    whnb    ar,.    arranged    m 

„,,,,es,„.  ,l,.-c,.,nr„  to, another,  ea,  b  having  .ts  basic  edge  outward,  l.om  the  central 

I,,,.,  „,    ,|„.  e,•npt,^e   ,beet ,      Th,'   sou.bc.i    lange  ba,   a   .n.le   and   a    halt    or   pos,.bly   two 
.»,,  i„ilc.,  ..1   the  more  basic  nnk,   n-u-i.e  :   «b.le  tbe  .u.rtbern  range  ba,  o.dy   a  ,|Uarter 
,„■   a   n.i'e   wbi.  h  can  properly   be   reckoned  to  n,  rite.     The   acd  portion   ,..   tb..   action, 
„    about    e,|ual,    but   tbe    basic    portion,,    are     very     ......qual.      Tb.,     probably     ba,    -om.' 

l„..,r.n-  ..n  tbe  fact  that  lai-g.'  am.M.n..,  of  nuke!  o.-e  occur  o,.  the  part  ot  the  southern 
lange  sebMt.d  lor  Mudy.  wb.le  no  o,e  .,  found  at  the  biusic  edge  of  tbe  no.thcrn  ran-- 
ubcn.  tbe  ,cction   was   .iiade  a.id   wliere  the   norite   is   s.nall   m   anion..t. 

It  is  ,>1  interest  to  co.Lipare  ».tli  tbe  siction.s  just  g.vc,  the  rock,  fou.id  at  tho 
basic  and  acid  edges  of  the  narro»e,t  pa.t  of  the  no.thern  range,  near  tl...  no,tbea,t 
rorner  of  Mo.ga.  t.>w.„hip.  The  specimens  show  little  difference  to  the  eye.  though 
the  ,u.e  from  the  ac„!  e,lge  ha,  a  fai.it  tmge  of  flch-co'nr  which  is  lacking  .n  the  other. 
Thin  ,ect.on.,  ,bow  c.msiderable  .l.fT-re.ur,.  however,  ()...■  frMU  the  bas.,  ed-e  ,,.n- 
tai.is  ma.nlv  feblspar  with  mbropegn.at.te  .adia.ing  l.om  it  hornblende  and  cblontc. 
the  feld,pa.'  being  laigclv  plagi.Hla,e  m,t  far  Iron,  andcine  n,  oproal  .bara.tcr,.  lu.t 
with  some  u...winned  crystals,  pn.bablv  of  o.thoclase,  and  o.,e  p,<ul,ar  ..y.,tal.  u.i- 
,tr.ate.l  but  containing  .r.egular  patrhe.,  of  plag.ocla,e  havimi  low  ext.nct.o.i  an-lc 
iron,  tmri  pi.u.e,  Mlri-.>peg.uatite  running  int..  areas  of  unmixed  quartz  makes 
i.bont  a  fourth  ot  th-  s,.,ti.u..  The  augite.  partly  very  frch.  is  nearly  colorle-vs  and 
not  app.-eciablv  pleochroic.  The  rock  has  ..ot  the  usual  character  of  tbe  ba,ic  edsre, 
being   without    by).ersthene    for    pIco,  broie   pyroxene^    or    bi.>tite    am..ng    dark   minerals 

.  "  _  ,;    :..:....    .     .T !    .-i.i-:;!    :::;-.rc    tb.:'.n    the    \!sua!    nronortion    ot    mii  ropceniatite    and 

nr'th..'c'l'ase"  One  .iiav  hold  that  tbe  true  basic  edue  is  absent  at  tin,  narrnw  portion 
of  tbe  eruptive,  and  that  the  nxk  just  des.  rib,.,!  beb.nil.s  to  M.e  intermediate  face 
b.-tHcen   the  basic   and  acid  edges 
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A  tlun  section  from  the  (ippositL-  or  ^olltln•a■-t  >i(lc  ot  thi>  liand  ccmsist-,  iiiainly 
lit  very  tiiii',  oltcii  pliiiny,  iiiii  ropfdmatitc,  ^oiin'tiiin'^  arraimcil  niiiiid  liroad  crystal-, 
ot  aiidcMiie,  *.oiiit'tiiiic.-  alii^ut  u  narrow  strip  or  almiit  iin  appar.iit  luulciis  .  Tins 
iiii'ki--  lip  lit  k':ist  two-thirds  ol  the  ro.k.  while  pUi'iiocl.i^c  and  .1  cry-lal  or  two  .il 
orthiKla^e   with   liunililciidi-   and    a  siriall   aiiKiunt    ot    cpidoti-   make    up   the    rest. 

At  this  very  narrow  point  tlu'  typical  acid  edjje  phase  of  tlie  eruptive  i,-  well 
represented,  and  the  lack  of  width  i>  due  to  tlie  ah^ence  of  the  basic  or  noritic  pli^ise 
Alone  with  this  noes  the  total  lack  of  ore  or  rusty  surfaces  so  far  as  known  alonn  this 
part  ot  the  outer  ed[:e  of  the  laccolithic  sheet. 

While  the  typical  rocks  of  the  nickel  eruptive  arc  ilark  s;ray  or  pale  ^;ray  iioritc 
at  the  basic  edge,  soinewliat  tlesh-colored  peKuiatitic  rock,^  at  intcriiu'diate  points,  and 
fle>h-colured  or  nreeiii.sli  gray  inicropeginatite  rock  having  the  composition  of  grani>- 
diorite  at  tlie  acid  edgi',  there  are,  nevertheless,  lonsiderablc  variations  in  the  appear- 
ance and  coiiipiisition  of  the  basic  edge  at  different  parts  on  the  i  ircunitcrence  ot  tin- 
sheet,  and  >omc  iiitercvting  varieties  in  the  acid  edge  also;  and  a  tew  characteristic 
localities  will  lie  taken  up  in  ilh^trat'cn,  iv-pecially  from  the  soiitliern  range,  where 
the  greatest    variations   are  found. 

In  the  first  plaie.  it  may  lie  shown  hat  the  norite  in  connection  with  ore  bodies 
i~  not  always  ((uite  tin-  siuiie  in  cliari  er  a,s  that  ol  tin-  ,\liiria:,  iiiiiie.  and  tor  this 
purpose    exaiiipli-s    trom    other   part.s    ol    liie   .southern    range-    will    lie   studied. 

Other  Norites   of  the  Southern   Ran^e 

Kxcept  that  thi-  hyper-t licni-  and  diallage  are  usually  complctclv  u.-utlicred  to 
lUiniii-  hoiiililcnde  or  uralite  the  hasir  edge  suuthwe-t  ol  Miiirav  rriiin-  m^  I:iI'  a-  l.:id\ 
Violet  mine  ditFer.s  little  from  the  typical  example,  and  the  same  is  true  toward 
Ulezard  mine.  .An  interesting  diamond  drill  hole  sunk  I'x  Mr  -1.  \.  .Miller  lor  tin 
Kdisoti  party  in  lot  8.  ctm.  U.  of  Blezard  toHiislup.  more  than  a  unli-  uortlr.\.~t  1 
I.ittli-  Stohie  mine  should  he  referred  to.  The  ilrill  reached  a  depth  ol  1 .1  i.'ii  1  tci  t  ami 
an  examination  of  portions  of  the  core  at  every  -"I'l  feet,  provided  by  the  kiiidiies,  ni 
Mr.  Miller,  shows  tl  at  the  rock  is  norite  to  the  full  deptli  exct'pt  for  micaceous  schi-' 
with  pyrite  and  vein  (piartz  at  2>)-\  feet  and  fine-grained  llesh-c  ciIok  i|  giaiiite  iit  '.'ni 
to  o."iil  feet,  probably  from  a  dike.  Thin  sections  show  that  the  fork  varies  greatly 
in  Ireshiiess.  being  generally  s<>  far  re-arranged  as  ti  con', 1111  only  hornbloTidc.  etc..  in 
place  of  the  pyroxenes:  but  curiously  the  lowest  parts  of  the  core  are  much  less  fresh 
than  the  rest,  though  the  best  preserved  section  is  from  ."id  feet.  In  it  the  feld.sp:iis 
'aiidesine  to  labradorite)  are  very  fresli  and  somewhat  hrovTnish  and  tliere  is  a  little 
i|ii,nrtz.  partly  interstitial  and  partly  intcrgrown  with  fi-bbpar  as  iiiicro|ic-iiii:itr.- 
while  the  dark  minerals  include  mucli  hypersthene  and  also  a  pleo<hroir  monoclinii 
IiyroNcre  very   like  the  hypersthen",   a   littb-  diallage.    hornbleiiile  and   biotitc. 

It  is  evident  of  course  that  the  term  weathering  as  employed  for  deep  seati-d 
<  lianges  in  eruptive  rocks,  like  the  norite  at  l.OlNl  feet,  is  not  to  he  taken  in  a  literal 
sense,  as  due  to  vv  'ter  with  carbon  dioxide  or  oxygen.  I'robably  the  different  states 
of  the  rock  a.s  to  treshness  are  due  to  diffi-rences  in  tin-  amount  of  shi-aring  or  crush- 
ing  allowing  water   to   circulate   more  freely    in  sonu-   parts  than   otliers. 


I 


THE  CRKIOHTON  NOKITIZS 

The  norite  of  the  Creighton  mine  differs  considerably  from  that  at  Murray  mine, 
loiitaining  usually  rppreciable  amounts  of  quartz,  often  niii-ropegmatitic.  and  ortho- 
clase  or  microcline.  in  addition  to  the  usual  plagiodase  and  dark  minerals.  The 
hypersthene  is  fairly  fresh  in  most  sections,  even  those  containing  ore,  and  hae  a  strong 
pirorhrni:;!!:.  Biotlt.--  i=  p'"^''if'"i'.  ^'e'?  *^-"  h--rri'--'or,.ip  .is.i.iUy  present  sc-erri-s  to  '■•;■ 
secondary.  The  most  interesting  sections  are  tho.se  containing  eonsiderabli  amounts 
ot   pyrrhotite  and  chalcopyrite,   which  may  lie  in   contact   with  any  of  the  r'K'k-forming 
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1  r    '„. -,.!,•   tlic    .lark,  r    ..iii-s,    o^'Wally    the  biotit.- 

dist.n«u,>h.Ml    by    .t.    .run    bU.  U    .ol,,,     and       ml.    >;         ^,  ,  ,,„a,.,,   ,,,,..ver,  often  Rhow 
to  have  been  formed  at  the  sa,.,e  ,ta«e  uf  c.oUnK.      "'^     ""  \,^..j.,„j|,'  ,„„,,  easily 

a  tendency  to  penetrate  tl...  l.-..res  of  adjo.n.i.t;  ■nn„.ral,,,   bcw.^  .v.d.ntl> 

pyrrhotite,   pla;:.u(laM..   .|nartz  ai.a  swoi.ua.y  (_',..iy;hton  opoi. 

result* : 
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From  the  analvM.  it  will  bo  seen  that  the  rock  eannot  be  called  baMc    the  ortho- 
.asrnrnneand.,..ar..pre..t,.a.n.....e^^ 

A   "   — "    '>f  -1P1..'1-  ;'"<'   •■     '"■'""  .i;;,.  „..,...   not    in   .ontinuity  with 

-  ;r, -:;:;::?  :;;i'  ;^ir;::: ";:  ;:;;;:;:r,.'-  z:t:=r^^ 

The  rock  near  North  Star  to  the  northeast  of  CrciKhton  i.s  the  normal  weathered 
onarlno    .e     and   „,.,   ,„,„e    is   true   of   o^,.,„pI....    ..on,    n-ar    the    \  ..Jor.a    m.n.v    the 

Ch::r.o  Ind  th:  SuUana  toward  the  western  end  of  the  southern  n.ckel  ran.e. 

t,,in  sect.ons  ;-""'";^^"  ;,^  \;^'>^;™  ^o  some  extent  the  change  to  epidote,  .oisitc. 
*"  ""''*^^"^'  7'V''^':'.ir:.:;!:r  Tbe  .s...,i„ns  contain  more  than  the  normal 
""■  '  Tnf  miaTt.  oftrn^intho  form  of  mioropegmatite.  and  if  they  had  not  been  taken 
r:  n..:;  Ttci:  of   o:'e   they    would  probably  be   placed    in    an    intermed.ate   place 

lietw.en  thr  norite  and  the  inicrop.-mMtitic  aran.tcs^ 
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The  nontf-,  from  tho   n<,rtt,..r„   .M,kd   rancr  r.nU.nu   pntt.v    w.  II   t„  ,1,.,...  ,1.,.  nl..-.l 
from  the  v.cw.ty  of  Onap.nt:,  havinu  .Mially  a  pu'.r  ^ray  .ol,„   tl,a„  U,.  -mr-.s  of  ,  „ 
southern    rango,    duo    to    tl,.-    al,.w..o    ot    l.rown    .-.lonnK    .natUT    .n    thr    .    Id^par        1.. 
.......ral  th.r..  .s  inor,.  ,,..^'r".   ^'-"1  ...i.-ropounrnt  ,t  „    .„,  tho  northern   than  o„   ,1„.  .■  M-h.rn 

ranc..,  prohal.ly   l.ecaus..   tlu-  l.aMc    .dtxe  of   the  ..rupt.ve   is   ..arrov-or   th.rc. 

\  1..W  words  should  1.0  said  of  the  a.i.l  so«r.rat.ons  .k,  urnn«  at  varmus  pla.-^ 
iM  th..  norit..,  ospeoally  noar  Murray  and  Klsio  nun«..  Thrso  n.ay  he  muall  patch.  > 
a  s.,uaro  foot  .n  di»n,..t..r  or  several  feet  in  dian.eter,  the  outer  edpe  dark  Kreen  fr.,n, 
an  a.,  unn.latio,,  oi  hornhlende.  then  a  .oarse  nUNturc  of  horul.len.h.  and  ^^\nu■  plan,  - 
ola^o  followed  liy  planioela.se  alone  or  with  some  quartz.  ,         ,  , 

Se.t.oM.  froM,  the  «ro..n  e,l«e  show  the  san,e  minerals  as  the  weathered  nonte.  l.u 
the  l,ornl.len,h.  i-  m  niu.li  lart;er  amount  than  is  m  unl  in  nonte.  and  there  i,  nn,.  I. 
..uar,/,  and  U.s  pl„«„>.lase  ;  hut  no  peKU.atiti,  ,.tru,  :  .re.  The  next  hand.  w,th  a  nns- 
ture  ot  creeu  and  white,  differs  mainly  in  having:  less  hornhlende  and  some  orthoclase 
„,  n.unMline  with  the  plagioolas.. ;  wliile  the  whiter  part,  rontain  very  little  horn- 
|,l,.,„le  and  .n„.,,-t  ol  iehl.par  and  quart/,.  Vanetie..  ot  the  ro.  k  m  these  seKrecation- 
are   made   up  ol    ver>    lar-e  crystals,    the   hia.les   of   hornhlende  sometimes    reaching  six 

ini  hes   ill   lentith, 

NORITE  OH  THf£  OFI-SHTS 

Nonte  proiect.  a~  three  lont:  oILvets  from  the  ha.,c  ed,;e  of  the  la.clithic  sheet. 
at  (  opper  Cliff.  Victoria  iiuno.  and  from  the  mirUlle  ol  liow.ll  township  to  the  middle 
„1  Koy  Ther..  is  aUo  an  Lsolated  hand  of  nonte  ruiiiiinj:  parallel  to  the  hasic  edge. 
includmi;  the  Krood  and  Stohic  mines.  These  pro.je.tion-  are  somewhat  dike-liKe.  hut 
are  iisiiallv  verv  irregular  in  width  and  may  run  .iiit  into  small  separate  patches  of 
norite  completelv  ench.sed  in  the  country  rock.  In  a  general  way  the  nonte  of  the 
offsct.s  has  the  same  composition  as  that  of  the  mam  range,  hut  it  is  less  fr.sh,  very 
sehlom  retaining  the  pyroxenes,  and  usually  is  much  lim^r  grained.  The  Copper  Cliif 
offset   has  h€"en  most  earefullv  studied  and  will   he  taken   as  typical. 

In  general  the  norite  is  rather  dark  gray  and  lin..-graiiied.  frequently  spotted  with 
ore  hut  there  are  also  very  coarse-grained  s.'gregations  on  a  small  scale,  like  those 
at  .Murray  mine,  the  central  parts  .onsisting  ol  i.lagioclase  crystals  more  than  a  square 
inch  in  cleavage  surfac.vs.  Thin  sections  show  plagioclase  (andesine  or  more  often 
lahradorite)  in  great.'st  amount,  followed  hy  s.Kondary  hornhlende,  quartz  and  hiotite, 
with  more  or  less  titaniferous  magnetite  sometim.'s  surrounded  with  leucoxenc  and 
apatite.  The  quartz  i,s  partlv  wdged  in  hetween  the  feldspars,  hut  often  intergrown 
with  them  in  a  wav  somewhat  different  from  ordinary  micropegmatite.  having  a 
slightly  granular  look,  hut  with  many  grains  oriented  alike.  1'o.ssihly  this  represents 
a   poikilitic   arrangement   rather   than    micropegmatite. 

\t  N..  2  mine,  north  of  Copper  Cliff  the  pyrrhotite-norite  forms  only  a  narrow 
hand  hetween  the  ore  hody  and  the  w.-iT,  of  granitoid  gneiss.  A  section  from  a  speci- 
men the  feet  from  the  gneis.  is  flne-graine.l  and  has  the  ,.haracters  just  dcscnhed.  hut 
with  an  unusually  large  amount  of  micropegmatite  and  a  tendency  to  zonal  .structure 
in  the  plagioclase  crvstals,   which   grow  more  acid   at  the  edges. 

.Vno.her  specimen  from  the  actual  edge  of  the  -"eiss  is  compact  in  appearance, 
showing  more  rapid  .'.doling  than  the  former  one,  and  is  formed  mainly  of  tiny  strips 
of  plagioclase  with  parallel  strips  of  quartz  having  a  rough  fluidal  structure,  The  dark 
minerals   are   liornlilende  and   hiotite, 

SectioiLs  from  the  Mitchener  mine  near  Worthington  on  the  Victoria  mine  offset 
have  the  same  character  as  those  from  the  Copper  Cliff,  hut  portions  of  the  hand  ot 
norite  have  heen  much  more  completely  changed  at  tlie  Vi'orthington  mine  itself,  heing 
reduced   to  .a   fihrous  mass  of   actinolite  with   only   traces  „f  other  minerals. 

From  the  Fov  apoph.v,sis  only  two  sections  have  lieen  studied,  one  at  its  slarliui: 
point  and  the  other  at  the  western  end  six  miles  away.  The  specimen  from  the  start- 
in-  point  on  location  W  O  l-'-S  in  R.  w.-ll  township  .■omc-  from  a  peculi.ir  crush  con- 
glomerate of  coarser  norite,  and  sometimes  other  rwks,  <emented  hy  fine-grained  nonte 
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with  hulpiiidt's.  The  matrix  u.  very  tiiie-KrHimd  i|iiiirtz  iiDntc.  uithmit  iiiicroprniiiatitf. 
tht'  dark  niiiicriils  ht'iiiu  horii')U'iide  and  biotitp.  The  planuxlast'  cry.'-tals  i.rL'  utten 
vx'll   tornied  and  havi'  a  gradual  cluin^e  (it  ruinpoMtnm  troiii   the  centre  outwards. 

The  rock  tri)iii  the  end  iil  this  offset  is  tine-uraMi>'d  and  spoMeil  with  Kuinll  .spooks 
ot  ore.  It  differ.s  Ironi  the  other  iriiiinlv  in  ha\in)(  an  nniisiial  amount  of  micrupe^iiiatite 
radiatinii  tron;  well  forMii'il  |)laj;ioilafce  crystals. 

Varit.tions  of  the  Acid  Edge 

TIk  and  eilye  oi  the  nickel  eriipine  shows  less  variety  than  the  liasic  edye,  hut 
has  certain  ditfereiicet  from  the  typical  examples  already  descrihtd,  which  wero  niicro- 
pe'_'iiiat  iti  s  of  alioiit  the  composition  ol  ^raiKi-diorite.  In  the  northern  raiii;>'  the 
riK-k-  trom  near  Hhio  lake  do^ervo  mention  tor  their  marvellously  developed  niicro- 
poniriatite,  ranninn  from  almost  invi.-ihle  structures  to  comparatively  coarse  ones, 
centrini;  about  very  (oriiplexly  t»iiineil  plai:incla-e.  Spec  iineiiv  ircmi  Tr'  ut  like  ^n.' 
e(iually  hne  ;  but  sections  Iroiii  Moose  lake  lia\e  only  rude  internrimths  i>f  i|uaitz  and 
feldspar.  Almost  all  i-e<tions  from  the  northern  ran);e  (iintam  considoral  Ic  aniount<i 
ol  epidote  in   largo,   compact    individuals. 

AlonK  the  southern  range  the  acid  edye  on  Kairliank  lake  and  pointt,  to  the  we.st 
and  north  proved  puzzlinsj  in  tlie  field,  since  it  presented  exactly  the  dark  ^reen,  fine- 
Cramed  appearance  of  a  sliuhtly  sclusto^e  j^reenstone.  However  thin  sections  prove 
that  tlii.^  rock  aNo  is  an  acid  phase  of  the  nickel  eruptive,  since  it  consists  largely  of 
the  finest  [)Os-ilile  iiiii  ropenmat  ite.  invisible  except  with  fairly  hith  power-  oT  the 
iiiiirciMOpe.  with  plaijioclase  crystals,  chlorite  ,'ind  horiih'eiidi'  It  ui-  iliii;"li  tbii 
the.^e  dark  Kreeii  pltases  ot  tlie  acid  edj;e  minlit  have  aci)Uired  their  color  by  '  cneiliand 
stopinn"  and  absorption  of  tlie  loner  part  ol  the  overlying  tutfs.  since  on  Fairbank 
lake  at  least  the  basal  conglomerate  in  pla(e-,  sieiiis  almost  absent  An  analysis  of  a 
characteristic  spe<imen  shows,  however,  that  the  compasition  is  normal,  having  ti8.9'i 
of  silica.  1J.71  of  alumina,  .'i  '.'S  of  potasli  and  .'t.Sn  of  soda.  Kvldently  the  green  color 
simply  mean-,  that  the  tine  scale-  of  chlorite  are  distributed  in  pik  h  a  way  as  to  give 
tlie  ureatest    effect. 

.\  grey  green,  schistose  \ariety  i-  found  northeast  of  the  Crydernian  mine  at  the 
northwest  corner  of  Falconbridge  township  al-o  ;  but  in  this  the  (rushing  seems  to  have 
(.'ore  -i>  far  as  to  destroy  the  micrnpegmat ite  altogether. 

The  acid  edge  in  some  plac  immediately  beneath  the  Trout  lake  c  oiigloiuerate 
shows  small  cavitifts  with  green  epidote  enclosed  in  a  rim  of  fiesh  red.  the  whole  an 
inch  or  two  across  and  surrounded  by  tlie  ordinary  grayish  flesh-colored  rock;  and 
similar  green  and   red   patches   sometimes  occur   in   the   matrix   of  the  conglomerate. 

General  Character  of  the  Nickel  Kruplive 

Having  taken  up  typical  sections  of  the  nickel  eruiitive  and  variations  from  the 
types  ahing  the  basic  and  acid  edges  of  the  sheet,  \ve  may  now  sum  u|i  our  knowledge 
and  discuss   the  result.s  of  rock  analyses   from   different   parts  of  the  region. 

In  a  general  way.  the  basic  edge-  may  be  defined  as  ((uartz-norite  of  a  somewhat 
acid  type  tor  a  member  of  the  gabbro  series.  1'lagiocla.se  running  from  labradorite  to 
andesine.  but  generally  the  former,  makes  up  more  than  half  tin-  rock,  sometime- 
almost  iwo-tbirds.  Along  the  southern  range  the  plagioc  lasc  i-  isually  jiale  brown  in 
color  and  -lightly  opai{Ue.  on  the  northern  rangi>  (bar  and  transparent  ;  and  the 
crystaLs  are  often  well  shaped  with  a  tendency  to  platy  forms.  (Quartz  oc(  ur-  a-,  blui.-h 
grains  and  also  as  a  wedge-sliap' d  filliii;^  between  tli.-  plage  clase- ;  also  to  a  varying 
degree  as  niii  ropegmatit.-.  In  the  latter  case  there  may  be  appreciable  amounts  of 
irthoilasc'  or  niicroline.  The  dark  iiiii'erals.  when  tre-h.  are  mai'ilv  pyro\i  n. -.  the 
rhombic  species,  hypersthene  or  enstatite.  being  in  large-t  amount,  making  perhaps  a 
sixth  of  the  rock;  but  r,onoclinic  angite  in  the  form  of  diallage  i-  almo-t  always 
preeent.  and  often  a  pleochroic  augite  prec  isely  like  tlie  liypersthene.  but  with  a  distinct 
extinction  angle,  occurs  al.-o.     Tlu>  hypersthene  is  often   in   fairly   well   fornied  elongateil 
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crjXalv     TlM,..  .,  .tt..„  so„H.  I„„  ..1,1.  n,!-.  .-^-n  u>   wry   1....1.  s..Uon^.   aud  th..  ...  .ome 

case,  at  1..U.I  .B  prnnary.     It  ...uy  ...rn,  .„l.d  r.n,s  alM.ut  tl..;  pyroso.u.      Hrown  b.ot.t. 
,„  ,,„.,o  lurKC   nid.v.duuls   .^   al>na-t   ulwavs   loMnd,    though    .t    ..mkt«  u.,ly   u  M..a  1   pro- 
p„.t...n  .,1   th.,  r.Kk.     T.ta.Mt.rm.s  .nuK.,.!....  and  apat.t.,  ar-  aUay.  prc..-..t     a..d  off.. 

Lrrl..,t.t..  or   ,  l,aU.,pyr,te  wLt..  .1..-  ^m,,.,,..,,    ,.   -aU...,   f,,,,,    .uar   a,,   oro   l.cdy,    an,l 

...   „...,...st   spo...,H.>,,    a,-..    UM.all,    ,    ,„    ,ha.    p..n.„„        P.-      Ha.l..«    In..    to,...d    a 

sn.all   an„.unt   „t   oI.v.m.   ...  m...  .Im.   .,.,.„,   > ....1.  Moln...>  Un:  ,'u>   .M.n...al   l.a. 

I,....,,   ImUHl   >,..ul,.M.  -!.■  .AM. a   .I.mI.MuI   -...,„„.■..    In.u    (..i-.u.i. 

Tl,..w.....l,..r..,l  .,„r.t..  I.,r,n..,l>   .all..!  d,„ni..,  ■>  ni.Kh  ....„.■  ,„„..„„„  than  ,ho  .re.h. 

,„.t    ,M    u.-.ural   a ara.,.-.  .1,..   .«.,  Man  .!>    .Idf.T,    .lu,u^:l,    .!.■   .--^1.    .u.k    ,„„re  otten 

.tu.m1.I-.  w.th  lm,.ld..r-l,k..  l...-.u.s  M.,dor  .■xp„s,.r«  tl.a.i  .!..■  ^...all.,!  w-atl,..rod  rock. 
Tl,..  ,l,a.,.'..  f,o„i  tl„.  in-h  i,.,nt..  i-  ,Uio  „,ainl>  t,  tli,-  .v  ar.aMi;..;.  ■!„  ,.i  il,.'  pw.A.....  « 
,,;  ,„r„:  ."ibn,,..  .„„„l,l..„.l..  or  .rah.,.  „r  l..^s  ,„t..„  ,  ld,.r,..  .>r  .,.,p..„.,n.,  w.th  HO.,.o 
s..parat.o..  „l  n„.,  „s..l.-s.  Th.-  Ial,ra,l„.,.,.  ..  ap.  „■  1...  Hv-',  lonK  alfr  tho  hypers  he.,.- 
has  di.sapp..a,-...|      W.-atlKT.,,.   ,~  !.->  ,  ■■  n,.,,!  ,.1 u.  „r,.  l,.ul„..  .1,, t   a  d.sta..... 

fri)iii  th.'Mi.  ,  .  ,   , 

The  n.-n...  l,l,.n,l.  «rad,.allv  n,.„  .:.,.  n,p,.n„,a.,.  „.  ,|uart/.  ,l,„ni..  .,r  ^vwutc.  ccarM- 
..r:u,i..,l  an,l  tL'sh  r,,!  „m  »ratl„.r...l  ^,..f:„,-,  ^.av  „n  l,..^!,  .,.,,.■  Il„.  .-nn  ,1,1  ,.,■,■„.  •■ 
is  the  ....rease  in  the  n>.u„...t  of  .p.art..  i.,ternr„«„  w.th  f-hUpar  and  the  part.al  .r 
,.„,Mpl..t..  abse..ce  of   hyporsthene  <.r  a..c.,c.       La.RO    K.ai..«    of    ,p.dot<.    are    R.'nerally 

present.  ,  ,        . 

il„.    n„..r,„..dia...   .■o-k   pa n    .1,.    .,,,,1   ..1^..    .n,o  .,  ..-d„,n,...    ,:,■  ,„„.l,.,r,  .■   or 

.■,.,„.,.    ,„i,.ani.....:    la.-«,.    an.o,.ni „.r.,p,-M.atite,    so,„.M.,„..-   .  h......-t.„n.th,    ot      h-' 

whole.  The  ..i.ele,,.  of  the  Kra.iophyre  =,t.-,.ctur.,  is  al.nost  ahvaN>  a  •  la^io,  l.u^e  not  t  .r 
fro.n  and,.sinr.  and  there  us  ^..nerally  >o.ne  orthoclase  .n  ad,ht,„n  ,o  th,.t  .ncUded  m 
,he  nnerope^n.at.te.  The  pla.:.,,  laM.  are  of-n  plate-l,k,.  A.  ,lark  nnn.raU  there 
.re  alwov.s  hornhlen.le.  .ni.a  an.l  magnetite,  usually  al.o  ,.pi,lo.e.  1  he  nu.-.oscop.c 
appearance  of  the  r.K  k  is  often  that  of  a  ,i.,'dn,n,  .,r  .„>,■ -rained  sy..,..te  .,r  uran.te. 
h'.t  i.  .nay  tak..  the  lorn,  of  «.,.■-  or  fels.te  Mh.M  or  of  .in..-ura.n..d  trreen  seh.st. 
thoni'h  the  ..oinposilion   d.,es  not   greatly  vary.  ^         v     ( 

In  order  to  show  the  changes  from  the  basic  to  the  acid  side  of  the  en.pt.ve  iToI. 
Valk..r  h.ns  pnbli-h.d  several  analv.,..  of  sa,npl..s  fro.n  the  nUv.ard-Wh.t -o.,  lak,.  .r.,^- 
se,t.on-^5  and  to  complete  o,.r  knowledge  of  the  subject  several  more  analyses  are 
added  here.  The  finding  of  micropegmatite  and  n.icrocline  .n  fresh  nor.te  at  the 
Creighton  mine  made  it  desirable  to  have  an  analysis  of  the  rock  (No.  2)  and  .t  was 
nl.o  thought  w,.ll  to  know  the  .ompnsitio,,  of  th,.  ^.-....n  s,.l,i.t.  so  .-o,  k  of  th,  a,  „1  ,.,1.:.. 
at  Kairbank  lake  (No.  8).     The  analyses  are  given  in  the  follow.ng  table: 
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M  II  ...   , 
K,...,)   .... 
K,.,,    , 
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(H'l      .... 
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K..I 

II.I 

Tin 
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BhO 

I.rti 
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Til 
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1   7fi 

1  r.7 
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1  i«, 

J  11 

-.11 

1  "1 

,..  •,■ 

s  ],; 

1.-11 

;;.  r.t 

1    7-J 

1 II 

u.l.j 

1  -■» 

1  1,1 

1  ;;•. 

1  ,.- 

TH 
1   i> 

:;  :!•■. 
1  i;i 

■J    vO 

1  .'}'< 

1    .-rfl 

;mm 

1  r, 

1  fi 

.1,. 

1:1 

1  ;il 

.1', 

.11 
.;;o 

:■■', 

inir.. 

"r,,,.,. 

„-. 

tnirO 

1,1 

Ui,,.., 

tra<.,. 

'.I  m       ».,  :V,      li«l.'-~.i 
;  Im       J.TJl       -J.Ti^ 


38  0.  8.  C,  Vol.  XIV,  Part  H,  p.  83. 

ijOuar.   Jour.  Geol.  See.   Lon..   Vol.    Mil,   P-   66. 
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In  tho  above  table  of  resultK  of  analyses,  No.  1  is  (roiii  thi'  bu.tu'  edKo  of  tlie 
northern  rangu  near  Unaping,  Mr.  K.  U  11  Anlu^li,  ot  the  ChuniKat  Department. 
School  of  Science,  Toronto  LImviTsity,  beint;  the  analyst.  No.  'J  is  from  the  basic 
edge  at  the  C'reighton  mine  near  the  ore  body,  analyst  .Mr.  .M .  T.  (  iill>eit  of  the  achool 
of  Scii'nco.  Nos  3  and  4  are  from  the  basic  ednc  "I  <bc  ■.cmtbtrii  raiijri-  iii'ar  lller.nrd 
iiiiiii'  analyst  Dr.  T.  I,.  Walker.  No  5  is  from  a  ■-veiiitu  looking  ~pi(  iincii  taken  In  in 
near  the  middle  of  the  Unaping  section,  analytit  Mr.  Ardugli.  Nu.  ij  i»  from  near  the 
middle  of  the  Hlezard-Whitson  lake  section,  analyst  Dr  Walker.  No.  7  ii<  Iroiii  tho 
acid  edge  of  the  Unaping  hcction,  the  rock  being  greenish  gray,  analyst  Mr.  Ardagh. 
No.  "  is  from  near  the  a<  id  edge  on  tlio  nortli  shore  ol  hairliaiik  lake,  the  r(M  k  lieiii^ 
dark  green  gray  and  somewhat  schistose,  analyst  .Mr.  .Vrdagh.  Nok.  9  and  10  are 
from  points  near  the  acid  edge  nl  the  lilezard-Whitwjii  lake  section.  Mr.  C.  B.  Vox, 
chemist  of  tho  Hamilton  Iron  and  Steel  Company,  being  tho  analyst  of  No.  0,  and 
Dr.   Walker  of  No.   10. 

The  table  is  so  arranged  aa  to  give  first  analyse^  from  near  the  basic  edge  (Not. 
1,  2,  3  and  4),  next  analyses  of  specimens  from  near  tho  middle  of  the  eruptive  (Noa. 
.")  and  0).  and  finally  analyses  from  ne.Tr  the  acid  edge  The  results  d is- lose  a  larger 
amount  of  variation  than  might  have  been  expected,  espe<  iaily  on  the  basic  Hide  of  tho 
eruptive,  the  silica  running  Irini  I'J  tKI  to  tlO.l.i  It  is  possible,  bowivir.  that  No.  .t 
is  not  a  typical  example  of  tho  norite,  since  it  contains  mi  large  an  amount  of  ferrous 
oxide  (13..">l  per  cent)  as  to  suggest  the  presence  ol  unusual  amounts  of  iron  ore,  or 
of  pyrrhotite.  It  is  probable  also  that  No.  2,  from  the  (reighton  mine,  errs  on  the 
other  side,  containing  more  quartz,  microclino  and  micropegmatite  than  the  normal, 
though  thin  sections  from  other  part*  of  the  rock  enclosing  the  ('reighton  ore  body 
almost  all  show  considerable  amountj!  of  these  minerals. 

The  intermediate  rocks  from  the  middle  of  tho  eruptive  si-em  to  differ  little  from 
tho  exampl<«  taken  from  nearer  the  acid  edge,  havirg  silica  contents  of  61. M  and  68.4'* 
per  cent.,  as  compared  with  61.93  to  <>0.27  per  cent,     or  on  the  average  66.1)6  to  66. "J8 

.\n  average  of  the  first  four  analy.ses  as  representing  the  basic  pha«e  of  the  rock, 
and  of  the  last  six  as  representing  the  acid  phase  will  give  a  fair  idea  of  the  amount 
of  differentiation  which  has  taken  place  in  the  c-ooling  of  the  lac<()lithic  sheet.  It  is 
possible,  however,  that  in  the  case  of  No.  2  tho  norite  absorbed  some  of  tho  adjac.nt 
granitoid  gneiss  At  the  actual  contact  of  norite  and  gneiss  there  i-  sometimes  a 
reaction  rim  a  few  inches  wide  of  coarse  pegmatite  between  the  norite  and  the  more 
acid  rock.  It  may  also  be  that  No.  7,  from  the  acid  edge  near  Onaping.  has  become  some- 
what more  basic  than  tho  normal  by  "overhand  stoping''  and  aKsorption  of  the  over- 
lying tuff,  since  it  is  less  acid  than  No.  .'>  from  the  middle  of  the  section.  Howevw 
No.  2  may  not  more  than  counterbalance  No.  3.  which  contains  so  large  an  amount 
of  iron,  and  No.  7  will  not  greatly  affect  the  average  of  the  six  examples  of  the  acid 
phases. 
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,„    ,   ^;..„,.rHl    «av    al...,.t   halt    of    .  I,u   M.uth.TU   -d^e  of    tl.o    l-<"l'tl."     >''--t    ■" 

,,«„.«, N.  ....,   I.a>.,-  port -ho  nor.lKT,.   ran«..,   ..ulud.nK  ....   Hlue  lake   por  .o„, 

: .,  n„r.o«,.r'  p..r.,a, «rau.n.  no,  U a  <-  -^  -'-J-^'^;^ 

,       .11     ..Itl,    .,1    tl...   .Toiitur        \n    .•.tinii.t,.   ol    till'    iflutm.    ar.'us   of    ih.'    liaMc    uiol 

:■;■;;;.',:::..,::::: o„.  pa,,  o.  i..,.  r,..  ,o  o....  ana  a ,.«.,  of  a. 

;::;   '     \.,,p.w„    .......    p,opo,„on.    , prosnna,..l>    .ono,,    ..,.■   av.Tap.    .on.pus.t.on 

.,,    ,(„.   „1„,1..  ~1 t    l^  un.'n    iM  tlu-  tliir.l  lolwnin   al.ox.-.  ,     ,         , 

i„    „.,-    ,o,np,.,a,.„n    ,.,.•    p.r,. ,.•    an,l    .l.al,  op>  ,,..■    of    .  .,.•    ore    -'-    '^   "j; 

Altliouuh    I'liiliiiKK)    toils   ol    oio    liavu    liwn    niineil    and    th- 


Imtii    lakiii    into    anoiint. 


Ill   Muht"   may  Ipo  rockoncd   at    ^ev.ral    iiii 


llions  more,   it  wiuld  bo  raali 


.,  ,l,a,  ,li..  MilplM.los  m  Uu.  total  n.a^^ina  for,„..,l  pn,l.al,l.v  only  a  Ira.tion  ol  on.  per 
...Mt  and  M,  a'.,  of  rolativoly  l.„l-  a„o,ii,..  Prof.  Vo.,  .p.-ak,  of  ,1,..  MolMry  .a l.bro 
„.   ,,„„., niir:    onmoalK    alM,„1    nir,   ,„■,•    rrut . .    »l,ol,    .na^    -i  v    a.   a    -i-     a      'l„.     n.. 

''"'v,'m"ii..'  tu  tlio  n..«-  .las.sir,<ntion  of  rmks  th.  avorai:..  ,  oinpo^itioii  ol  .li-  hasir 
,„laMd  pharos  »ork  ont  a>  ^a^.o^e,  and  Adnn,oll<*o.  Tho  norm  for  th.  l.as.c  and 
a.  1,1   pha-o-.   and    lor  the   avfra^f   rock   i«  as   follows: 


liii~ 


hi 


V'l'OI/  ;  -  .^,    .,  I... 7;. 

Omitting  ununportant    ingredients,    such    as   titanic    .ron   ore,    apatite   and   water 
„e  see  that   the   ba.ic  phase  coiu^ists  essentially  of   .V2    per   cent,   ol   lahrador.te,    8  or   ,1 
per  cent,   each  u.    .,"art/,  ard   potash   feldspar,    and   ^l    per  cent,   of  i,iaRnc*ia    and  iron 

"'"The  rock  ol  the  more  acid  phase  consists  of  21  or  22  per  cent,  each  of  quartz  and 
potash  feldspar,  38  per  cent,  of  oligoclase  and  13  per  cent,  of  inagnesia-iron  silicates 

Tl„-  avra^e  ■  f  the  whole  enip.ive,  as  represented  in  our  analyses  and  weighted  '.v 
taki.iK  two  partB  of  acid  to  one  of  basic  rock  to  correspond  with  the  held  relat.on-s, 
works  out  as  Harzose  of  an  acid  kind.  ,     ,   .  ,         •  ,      ,  i     •     .u 

The  norm  of  the  ro<k.s  worked  out  above  corresponds  faiilv  with  the  mode  in  the 
basic  edge  norite  except  that  monodinic  aiig.to  reiila,  cs  some  hypersthene,  and  in  the 
average  acid  phase  of  the   eruptive   hypersthene    i.s    largely    replaced   by   liornblende. 

Older  Norite  and  Lavas 

Associated  with  the  basic  edge  for  a  number  of  niil-s  along  the  southern  niekfel 
.^n4  but  evidently  much  older  than  the  nickel  eruptive,  is  a  range  of  hills  often 
■  •_•"  !,..j  r;-.,^:T.^r!  rxhich  have  bren  (renerally  reierred  to  and  mapped  as  greenstones. 
ThTir'Txtraordinary  mixture  of  characters,  inludmg  rocks  such  a,,  norite,  greenstone^ 
40  Tram.  Am.  Init.  Mir..  Englneurs,  Vol.  XXXI.  1901.  Prohlema  in  the  Geoloey  of  Ore  Depo.iu, 
p    129. 
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dionte   pxrphyrito  uiid   atii>K(lali)i(l,    with   <><iiiii<   >.Uty    Krii>uu<ki    iiinjniiliiiilly    ut    w<Ji- 
luentary  uriKin,   maki)  it   tlilliiiilt  to  ui'lliiu  tlit<   hh  ki  a>  a   ukcili'.      1  lir  iKipii'iit   oxur 
rente  ot    '  pilluw    !>ti  in  liiir,'     utti'n    witU   an    niii>K:ilal'>ii|al    i'>l|{i'    to    tlic    iiiIIoh>,    xhuHn 
that   at    li'ast  a   part  ot    thu   M'ru«  lonsi^tN  ol   lii\u   tlou^. 

The  only  ruck  which  ui  at  all  Iresh  U  thir  noriti'.  hIihIi  inuy  no»  lie  ilvsciibud. 
Macroocopically  und  iiiicroscopically,  it  ditfcrs  i>ntinl\  troni  tlio  iik  ki-llniii  ini;  noritf. 
It  IS  usually  very  lini'-Krained  and  rathor  dark  uray  on  Iri'Nii  Mirfii(<>.  and  on  weathered 
MlIfa^f•^  pale  giny  with  iMiniiroii^  rai-M'd  liaiiil~  or  nariow  i  id^ii-  ot  i;iiiii.  oiiin  in 
two  or  iiioru  diri'ctionv,  torniini;  iiR.shi^.  In  some  plated  the  tine  Kro'i'iJ  ""•»»  contaitiii 
hornlileiidf  (  ryitaU  from  i.  third  to  u  halt  inch  in  diaimttr.  which  project  from  the 
wrathercd  .iiirttti  e.  Less  often  there  are  irrrnnlar  «hitc  patches  of  alioiit  the  Kami' 
size  alonn  with  the  liornlilende,  nu  inn  a  pale  ^ru\  uilaif  -iici  klrd  «ith  dark  greon 
und  Hliile  hlotches,  *,iinnestinK  a  porphyrite.  Thiii-  air  all  transitions  Iroiii  the 
frcsh  K'"\  norite  throiinli  rocks  halt  (handed,  to  uni  n^toiic,  or  lioinhUndu  porphyrituti 
completely  i  h.iii(;rd  to  nreen  mineruls,  and  it  is  prohalilc  lioin  ihi'  fuld  relations  that 
part  ot   :ill  of  the  ijreonstojie-.  «ii>  onuiiially  iiontc 

Tliin  section**  of  the  gr^y  rot  k  are  usually  hurpriswiKly  Irish  in  appearance  except 
for  narrow  hands  of  nreen  horiiMende  ailing  minute  ti.ssiircs,  and  lour  mineraU  ill 
small  <s|ui-dimeiisioiiiil  grains  or  irowded  crystals  usually  make  up  almost  the  whole 
ol  ilio  rock,  hvprrsthene  or  ciistatiti'.  a  moiioi  lini'  aiimte.  pl.ii^ioi ':i-c.  ^  Ipwow  mtei 
and  imiuni'tite.  I'sually  the  two  pyroNemt,  arc  very  miuh  alike  iwtli  strong  outlines 
aK"i'ist  the  feldspars,  pale  hrownisli  cray  in  i-olor  uith  faint  i;reiMi-h  and  reddish 
chance  ot  ( olor  or  none  at  all.  and  B  suggestion  of  .rystal  outline  Here  a«  in  so 
many  other  noritets  certain  pleocliroic  sections,  in  general  appeariiiHe  e\aitly  like  the 
hyperKthenc.  have  a  consideralilc  an^;le  of  extinction  fr'Hu  the  (lea\ayes  or  the  edi{e 
ol  a  prism,  so  that  they  are  really  monoi  linic.  It  seems  as  it  the  hypersthene  u*  merely 
a  monoclini^-  pyroxene  with  d"  extinition  an;;le.  and  with  transitions  to  an  unnamed 
monotlinic  form  of  the  same  composition,  hut  with  jarue  extiiution  angles.  The 
rhomliic  variety  of  pyroxene  is  neiu-rally  in  largest  amount.  ,ind  the  two  pyroxenes 
make  up  a.s  a  rule  more  than  half  thet-ection.  The  plagioclase  is  in  short  stout  crystals 
with  few  twin  jilanes,  and  in  many  cases  the  crystal  form  i-  fairly  perfect.  The  mag- 
netite makes   up   perhaps  a  twentieth  of   i)ie    whole  rixk, 

Hesido  the  ordinary  even-textured  variety  of  norite.  or  niiiro-noi  ite.  there  are 
porphyritic  ones  in  which  a  few  larue  and  neiierally  elonnated  crvstaK  of  hypersthene 
or  aiigite  are  emhedded,  and  these  may  he  poikilitic.  includin«  small  nraiiiH  of  the 
feldspar.  In  other  sections  the  porphyritic  crystals  are  lioriihlende.  Rreen  or  hrowii. 
rough  edged  iind  always  poikilitic.  voinetiiiies  thickly  irowded  with  clear  feldspars. 
They  n:ay  represent  former  augites.  th'oigli  this  .seems  douhtful.  since  lioth  minerals 
scKiiotimes  occur  porphyritically  in  the  same  section.  The  magnetite  is  often  in  goixl 
rrystal  forms,  the  grains  being  relatively  large.  In  most  (■a^cs  none  of  the  minerals 
show  a  trace  of  weathering  except  as  mentioned  heforo,  along  thin  beanLs  where  horn- 
hlende  develops. 

The  rarer  variety  ff  mirrn-norife,  which  has  white  patches  liki-  pcir|)ln  i  itn  ic  I.Kiiirs 
shows  the  s.nnie  composition  as  the  others,  the  white  areas  heing  formed  of  lahradoriti' 
in  the  same  short  stout  crv,stals  as  elsewhere.  Kiit  without  pyroxene  or  magnetite. 
There  are  occasionally  sections  wholly  or  almost  wholly  composed  of  the  plagiocja.ses, 
so  that  there  are  varieties  of  rock  having  the  same  general  character  which  might  be 
nan.ed  norite,  gabbro  fwhere  monoclinic  pyroxene  outwoighs  the  rhombic),  and  anorth- 
osite.  witli   norite  porphyrite  or  hornblendic  norite  and   rarely  biotite  norite. 

Some  of  the  green  rock.s  associated  with  the  gray  ones  seem  to  be  merely  the  same 
rock  weathered,  secondary  hornblende  replacing  pyroxene,  hut  the  short  equi-diametered 
piagioi  ia^cs  lemaiiiiug.  In  oilier  cases,  however,  flie  greenstones  consist  mainly  of 
fibrous  hornblende  with  some  magnetite,  and  orrasionally  r|uartz.  hut  with  little  or 
no  feldspar  ;    where  one  cannot    assume   that  they   have  descended    from    the    norite. 
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||„        imIIi.ii-         il     l.i;t;',     all      ■..iinitirmv.    I< 1    iil    i  li»i  m  ti  p  l^I  n      inicii itu    ill 

II,..    iiilcMli     nil. I   li..M,l,l.  mil.    liialiTlul   III!    lllr    ...U-l.l"',    I  !'<■   Mll.p..M  .|    ttlii.N  K.lil!.         ..liMstinn 
ot    iilMiiit    ••.|iiiil   pall-  .il    pliiniDcluMi  and    iiii^triutfil    I.I.Upiir,    willi    u  liltli'  .,         '/       Til" 

...i.li.ht..  liHi.lK    -..IP,   .liarB.l.Tivti.     1. 11    an    iiinv  h.ImI..    Init    iIm-   I... ml.  ..i    pilln«         iiid 

II,..   .l..i..|..pin..nt    .,t    111.,    wliit-   sp..'>    ..niv    n..,.r   'li. i-i.l''  "I    •!,.     ,..:■,-   ..n.l    ,i..i    in    lli.- 

ini.lilli'  in«v   I.I'  t.ik.ii   .uv  prii.il  that  tlii'V  »!>■  rrally  Mirlafc  friiptivt.s 

Til.'  h. . rill. 1.  n.l.'  p.iipliMili'  .«s.H  lutf.l  mill  lli.'  <>l(li  r  iiliiIc  i.-  pi..l.i.l.lv  .l.iu..l 
II..III  It,  ll.oimh  I|J|^  i>  ii.it  alwiiys  i.ilHiii  Tli.in.  win.  I.  liavc  u  liti".  liiiiin."!  ^■l.>llllll-lllaN^ 
Willi  iiiiiiiilc  .r>stals  III'  pluKi. I.  !»-•<•  inixcU  witli  li..riil)l(ii<lu  and  laiu..  p..ikilitic  •rx'.iaU 
ol  linrnlilinil.-  «  in  l.>-od  arc  pri.l.iilily  derived  from  tlio  porphyim.  \ariHty  »i  ii.irit. 
Otl.irs  mill  li..riilil.'iid>'  »l"ii.'  ..r  with  .luartz  inst.'H.l  <>l  t.ld-|.ar  .an  hardlv  !.• 
aiKiUMttMl   li.i    in  thi.t  woy. 

Ill  a. Mill.  i.>  til.-  M-ry  liii.' ^raiind  .il.liT  ll.lrlt.^^  in  Iho  <(iiiipl.'\  thrr.'  iii.-  i-.>iii«' 
,.,,.,,,,,.  ,,,.,     ^,i,iy    «itli    .lark    i:ii..n    an. I   m.iii.I  ini.--    wliiti'    iiii.tt  linn^.    i.lii.  Ii    l."'k 

very  . I. II. 'r.  Ill   Ir.ini  iIi.im.  .Irs.  ril.r.j     lull  ^.-.tii.ii^  sliow   ilic  -biik-  iniii.rHlN  i.iily  iliff.T.'iitly 
arrariKed.     The  platiiixlaMi  ii  mi   iiiiiiiito  uraiiii   ttlin.i>t   ax   if  cnishid     l.iit  tlie   pyr.ixene 
is  always  in  larn'i  irr.'«iilarly  shapi'.l  pdikihti.-  iryf'tal-.      Ak   it  is  inaiiily  inoii...  lini.    thi' 
Tixk    must   ho  calh'd    Rahhro       Th..   .lark   green    patth.s    are    of  (ie<.indBry  liHikinn    horn 
hl.nde. 

Th..  old.  r  iioritr  or  th..  nii.To  iii  rite  a'^  it  hii..  h.'.'ii  iiuiiiid  in  this  report  inu^t  li.ii-- 
anti'ilateil  the  nirkil  eruptive  hy  a  very  hmg  time,  ^inre  the  sedimentary  series  innoi) 
fei-t  thick  was  piled  up  on  them  hefore  the  irruption  of  the  lai'olithie  sheet,  yet  they 
ar..  Ml  uniforniiv  coiitined  to  a  roirparntively  narrow  hand  along  the  southern  ni(k.l 
niiiKo  and  a  l.w  poiiii>  ..ii  the  northern  ran^e  that  one  rannot  resist  the  idea  that  they 
rain.>  troni  the  same  hearth.  They  are,  however,  niurh  more  hasic  than  the  nickel  range 
r..<k.  sine.,  pvroxeii..  K.n.THlly  mak.s  up  half  tli.ir  'nilk.  n.aiinetit.-  is  pns.iit  in  ...n 
siderahlo  amounts,  anil  ipiartz  or  potash  feldspars  srnrcely  orciir.  They  are  not  known 
to  contain  nickel  e\i.'pt  where  an  ore  hody  lies  aiiainst  th.in  sending  small  stringers 
into  tho  older  rock. 

An  analysis  of  a  typi.al  spe.  imen  from  near  Murray  iniiM'  ha.-  h.iii  mail.-  hy  Mr 
.7.  A.  Ilorton  of  the  Chemical  Department,  .Sichool  of  Science.  Toronto,  with  th.'  frill.)\i- 
ing  results : 

I'l.r.  .'Ill 
^iO.. .   «'.  '" 

Ml-.,      Mi.' 

K..  .1 ■-  '«' 

K...   .  , '-'""■- 

^^:iV...  ..■•;.::;:::;.;;::;;:::::::::::;::::::::::::::::;::::::::  ".^ 
i^';v'^:;-::-v;:.v;;.-.v:::::::;::;;::;;::::::::::::::::-::::    ^ 

•riii^ 'S 

MnM.ir.' '" 

-iilphur ■•■ '■ 

W  tIT 
.-IMTitii.  L'rn\  ll\  .  .  ■  . .  .  *  •^* 

This  corresponds  normally  to  the  following  mineral  coinpositinn  : 

Per  cent. 

Byt.iwnlte ;?2  ^7 

Diopaide        ^    i^ 

Hrrersthene    20,7ft 

Olivine       5.3.1 

Titanic    Iron    Ore    ■"; 

Apatite     3^ 

Pyrite    27 

*v'  ...  .,1  .  ,.f  It...  r..;  L'  .-'..".r-  "rit  .HifFcr  tre^tlv  frrim  th^  Tioriii  \:*  olivine  l;;i'.  !;cm 
recognized  hut  a  small  amount  may  '.eally  he  present,  as  the  rock  is  very  fine-grained, 
and  part   of  what  has  heen   taken   for  augite  Is   not   unlike  olivine   in  appearance.      If  I 
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Ii>\»   m.rkod    it  imt  lorri-ttly    by   the  new   .ynteiii,    it    in   a    r"'''»'''i    ""  **   "'    ''"'  ""'I''' 
(.iilliiK'    iiii.l.  r  itif  M^lp^lll^-  Siilliiii.iin'  III  111..  .  Ii\s>  Siill.'iii.iiu'     mil  iniv    •■•    nuiniil    k«-il.i 

llVkUMV 

It  11  iiiniiii"  ilmi  llif  Milpliiil.  iiiihiiiiiiily  I..11111I  iii  tlm  uMit  iiniilc  ii  pyrit.i  uiiil  iii' 
pMllliillU'         III    <iilll|Miiltl.iIl    llilj.    imk    rollHvt    lllllill   I  Ill-XT    tii    I  111-    ImiI  upi'lHl     hiirlto-    »llll 

which  pyrrhdiito  l^  »NM)ri»U'il  tliuii  (io.>  ihi'  a-nJ  nonto  ol  tli"  Siiillniry  lui'--  1  erii|itiv»  .41 

NUklll;  or   IHI.  IMKKIOK  BASIN 

While  thf  charartnriiitic  norito  of  the  nickul  iTiiptivo  m  ciitilined  tD  tli.'  liaMi  piMtion 
(it  th«  shiM't,  it  IS  known  that  in  (iiio  (iln'o  at  U'ii-.t  nnrito  ot  a  «onn'«lmt  liitftTi'iit  kind 
()(■(  urn  near  th<'  and  <■d^;«'.  |»'nrtratiiin  the  IikmiI  .  DiinlmmTiiti'  At  thu  sciutliw<».t  .<Tid 
of  Trout  lako  in  Himrll  tow  n-.liip,  iifiir  a  Hiiiall  ziim  Mfiidr  df|)OMi  on  ioiation  W  I)  'i'>- 
a  v|ii'<iiiifn  111  diirk  Kii'cn  imk  wi'ttthrrinn  lirown,  tiikfii  ii>  iffiU'M'iit  mn  u  pai!  ol  tlii' 
coiintrj  riiik.  prm.,  to  lon.i^t  ot  hyprrstfii'iii-.  dialinni'  and  hilirudorite.  the  latter  making 
less  than  hall  tlui  nitiiiii  Tliiri'  ari>  al>i>  a  mtv  littli'  iiili  r-t  itial  iiiiart/.  and  still  h'l-* 
iiiKropcKtnatitu.  Some  of  the  rathir  lath-i.h«prd  ll■ld.-pal^  itrr  ot  railiir  rryBtalli,ration 
than  the  hypiTcthciip,  hut  othfr  parts  arc  later  Tlni  f.-ld.<par.>,  though  dfiidcdly  froah, 
aril  rathi-r  iintransparcnt  at  tlif  im|>ji->  linauso  ol  a  hmwii  roloraiioii,  tin-  nuitreii,  whicli 
have  a  dilfi'nin  extinrtion  biihIi>.  In'int  (Icar.  The  h>  pt'r.stiiriir  M'ldoiii  shows  ijood 
crystals  with  clot  ^att'il  forms  as  ii  diMw  in  the  hasic  cd^c  iioritc.  This  norito  wh«  not 
distinKUishc<l  from  greenstone  in  the  field,  and  no  detailed  work  v>«s  done  to  define  its 
liouiidancH  or  its  relatiuna  to  the  ni.kcl  eruptive. 

kKRIDOTIIi; 

tteside  the  1  oniparalively  hasic  older  minted  and  urcenstoni's  in  a  tew  hxalitioH  alon;; 
the  northern  ranne  still  more  liasic  roi  ks  have  heon  found  as  part  of  the  country  rock 
of  ore  bodiw  and  are  therefore  prolialily  older  than  the  nickel  eruptive.  The  froshe.st 
example  is  from  test  pits  in  l.ovack  to«nslu|i  ahoiit  five  miles  north  of  UnapinK,  where 
a  dark  gray  green  fine-grained  rixk  asonipanies  the  ore.  \  thin  section  provivt  tliat 
the  rock  lon^ists  chiefly  of  olivine,  more  than  half  of  which  lia.s  hwii  chaiiKed  to  ser 
pontine  and  inaKnetito,  ivhicK  not  only  encloses  the  olivine  hut  cut'-  across  its  i  rystaN 
u  1  .'r  Iriu'uii     existed    Then-  are  i.i  addition  «niall  ((iiuntitics  of  aiigite  and  ot  hrown 

hiotite 

On  location  W  I)  l.V>,  in  Howell  township,  part  of  the  rock  liesidc  the  ore  ucpoMt 
is  dark  gray  serpentine  weathering  rusty  vhite.  .\  thin  section  shows  only  a  remnant 
of  olivine  and  a  few  crystals  of  striated  feldspar  in  the  nias,s  of  serpentine  and  iron  oriw. 

There  is  no  direct  evidence  to  show  that  the  pcridotites  belong  to  the  family  of  rocks 
connected  with  the  nickel  eruptive  beyond  the  fact  that  they  occur  beside  the  basic  edge 

L.ACCOLITHIC  NORITE  SOUTHEAST  OP  SUDBL.IY 

An  irregular  mass  of  norite  rising  laccolithically  to  the  east  of  Sudbury  and  extend- 
inu  several  miles  southwest  from  Ramsav  lake  to  the  north  side  of  Kelly  lake,  has  no 
apparent  connection  with  the  laccolithic  sheet  of  tke  nickel-bearing  rock  and  seems  trt 
be  older  than  it,  though  thia  is  not  easy  to  prove  positively,  since  it  nowhere  comes 
within  three  miles  of  the  southern  nickel  range,  with  which  it  is  roughly  parallel.  The 
last  outcrop  of  the  Copper  Cliff  offset,  at  Kvans  mine,  is,  however,  only  a  quarter  of  a 
mile  from  its  northwest  side  near  Kelly  lake,  but  there  is  so  little  likenos,s  between  the 
hand  of  rock  here  described  and  the  norite  rich  in  ore  of  the  offset  that  they  probably 
have  no  dir  ct  relationfihip. 

It  may  be  that  this  irregular  band,  half  a  mile  wide  and  more  than  seven  miles  long, 
is  really  the  edge  of  a  sheet,  out  if  so  there  's  no  evidence  of  differentiation  of  the  sheet 
into  a  lower,   biiSK,  edge  and  an  upper,  acid,  edge  as  in  the  nickel  eruptive. 

41  Zlrkel.   Petrojraphia,   Bd.  II.  pp.   790-1-2. 
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Ihe  roek  is  coiiiiMuiily  im.<lunii  ti»  ciiiiix'-firraiiicd,  hitimiu.1i  uiny.  uml  m)  lar  wcathereil 
av  to  (i.iilaui  no  ifiiinanU  i'v<'ii  ul  tlic  oiiiinial  pviuMMic.  Only  oiu-  n'  my  tliiii  M-ctioii^ 
liiijii  a  iHjii.i  nil  till'  lull  far^t  oi  Siidlniis.  i~  li.'.-li  .rhiiijili  to  ■-liijw  tliat  I  lie  i(jik.  i.>  iLNilly 
nijiiti-.  thoimh  ol  a  hiiMii'ulial  .litliTcnl  ty|ii'  li.na  that  (it  tlu^  ■  lia-n  ciliiiv"  It  is  im'MT 
(lark  tiiiiy  in  idhh.  ilm^  not  loiituiii  liliit-  lili'l.>  ol  i|'iaiiz  nor  larji''  Inotito  -c  iili'~,  and  i^ 
nevfr  .-imtt.-d  «iih  oic,  lik"  tlio  nii  kol-i.t.'ariny  nuntf.  tlioiii4li  a  little  pMrliotito  lia^  bi'i'ii 
luiind  111  It. 

'llir  lic>lHst   -II  t  loll  ciiii.M^t-  to  till-  oxtcnt  ot  aliout  oiif-liall  ol  li'lnadoiito.  the  pyros- 
<'ni>  iiiakmy  up  tin-  I'-t  oi  tlic  rix  k.  diallajio  prohahly  in  slightly  lar«i.T  anioiint.-.   -o  that 

thf  loik  -I M  pi'ihap-  \i,-  lall'-d  ^ahliro  in-toad  ol    norito.      Thi'   rhoinhir  pyroxt-iio  ha- 

an  i\i  .•.'i|iii-l\  p.il''  .III  hroi-iii,  ,-o  that  it  i-  m-tatit.'  ratlioi  'lian  h>  poi>tliono.  Thi'ro 
I-  \i->\  littli-  iiiat:ni  I  III',  iio  apatitf  «a-  olp-cii  od,  and  i|Uait/.  i-  alino-t  ah-i'iit.  I'lio 
.--iTtioiis  .jl  wialhiiod  rot  k  ha\c  tin  p\  ro\iiio  i  oiiiplcti-ly  i  hanizod  to  palu  t;r>'oii  honi- 
l.hoido  ol  -uini't  iiiio-  paitl'  to  i  hluiiti  .  A  littir  .(iiartz  i-  on  a-ionally  loiind  in  iiiti-r.-tin- 
aiul    I  anl>    al-o   mi  k  Io|  '  'to. 

I'lio  iiio-i    intiir-i.  Mirt-  (it   till-   hand  ol    noi  itc  i.i    tiahhio  i-  tln'   iiniio'ii-f   uliito 

-(■grc^;atioii-    hIihIi  i    ini-  ularlv    al..iit;    th.'   hiil    top-    and    iiorhap^   n>pi  o-ont    thf   acid 

pha-o  ol    iho   nil  kol  itivo   thoii'ili    in    iiiiiih    -iiialhr    priioiiion.      .<iiiiilii     hut      iiiinli 


Hill  oa>l  ol  Mi.llpiiiy  ;    i-oiiiiclioiiary  ^llUl!llrl•  in  ;.'ah''ro. 
-iiialhi    loiniations  aro  found  aloiiu  the  tiasic  odjije  of  tlic  main   iiiikcl   laiij^e  near   KUio 
.iiid   .Murray   niinr.s.   hut  there  the  ditfcrciitiatioii   i.<  much  le-s  complete,   never  reifiultini: 
in  lart;e  ma-se^  of  solid  cpinrt?.  in  the  middle. 

Very  i;ood  illustration.^  of  tlie-o  .segrpuations  aro  found  on  the  hills  .jiifit  cast  of 
Siidhury  and  at  the  quartz  niino  south  of  Copper  Cliff,  from  whieh  already  hundreds  of 
t,.».-  ..i  ,,.;:\yt:  \:}\:t^  Kr,ir.  triUiTr  \^  th.p  Uittrr  p.'iit'.t  ih,r  \i-idtb  of  the  seiirectationB  is 
alioiit  100  yaids  and  the  somen  hat  di-iont  iiiuous  row  •)f  white  outcrops  is  at  least  half 
a  mile  long 
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The  oriliiiary  Kiay  ;;roeii  naljljro  pu^^es  rapidly  ii.to  a  diirki'i-  nifcii  band  inuth  coarser 
in  t.'xturt  and  coiitainint;  httir  t.-ld>par.  Tlic  <  leavat;u»  ol  thu  liornldcndt^  are  olton 
curvud  or  twisted.  Tlien  there  is  a  liand  ot  mixed  liurnMeiide  and  white  lehl>par  in  very 
largo  crystals,  the  iiornbleiido  oltun  a-  pn.Mns  siveral  inelL.-,  lon^,  the  centre  ul  the  prism 
beini;  filled  with  white  teld^par.  Next  i onie-,  a  ccmsiderable  width  ol  while  binary  (jrauite, 
very  larKe-Kraiiiod,  and  aL-ci  graphi.  nianite.  tlie  .iwait/.  utten  in  larger  ((uantity  than 
the  feldspar  At  the  centre  ol  the  lar^e  segregat iun>  ther.'  may  be  lilty  leet  of  almost 
pure  glassy  (,uart/..  With  the  inner  white  parts  ol  the  ma.-  there  are  fre.iuently  sul- 
phides, pyrrliotite  espedally,  but  n<\er  in  wcjikable  amcMiiI-. 

Thin  section.,  repreM^ntative  ol  these  exci'edinnly  niar^-  ro<  ks  are  hard  to  make, 
since  a  single  section  may  be  all  ol  one  material.  The  )iornbleiide  l,  ,econdar\ -|.~.king 
and  rather  p.ile  green,  not  tar  troin  actinoljte;  the  white  mineral-,  are  plagiocla>o  (oligo- 
cl;ise  toHiircK  albitel  orthocla>e  lor  at  lea,t  -m  iiii-triated  leld-pari.  :ind  i|iiartz.  the  lat- 
i..|  nlt.n  HI  comparatively  wide  band^  in  tlie  feld-p;ir.  cauMiig  th.'  i;raphie  structure.  A 
v,.rv  Utile  mu.covite  occiiiv  aUo.  Dilferent  p,-irt>  ol  the  ma>,  might  b.^  called  amphibo- 
lite.  malchite,  acid  anorthosite,  binary  t;ranito,   pegmatite  and  vein  (juartz. 

These  curious  mas.ie^  ot  coar.e  white  minerals  mueli  richer  in  alkalie.s  and  silica 
than  the  average  rock,  but  cut  olf  Irom  it  by  the  ring  of  hornblende,  probably  represent 
the  last  ri'mnants  of  the  magma,  ai cumulated  and  consolidated  in  the  centre  of  the  bainl 
after  the  outer  parts  had  already  taken  shape;  resembling  in  origin  the  <oar.se  pegmatite 
dikes  whirli  end  an  eruption  of  deep  ,-,eated  granite,  but  without  the  outli't  into  h.-surcs 
which  tin'  hot  pegmatite  solution  linds  for  itself. 

It  is  possible,  however,  that  the  apparent  segregations  are  really  large  nuuss>'s  ol 
iiuartzite  or  arkose  incompletely  digested  by  the  gabbro. 

QRAMTFS  ASSOCIATKD  WITH   THE  NICKEL  ERLPTIVE 

lieside  the  granite  and  granitoid  gneiss  of  the  Lauieiitian,  which  are  much  older 
than  the  sheet  of  nickel  eruptive  and  underlie  it.  there  are  coar.so  and  medium-grained 
granite  and  granitoid  gneiss,  probably  not  very  dilferent  in  age  from  tlie  nickel  eruptive, 
but  eonietime,  a  little  older  and  sometimes  younge-".  As  they  occur  in  bands  parallel 
to  the  southern  nickel  range  and  at  no  great  distance  from  it,  they  may  be  supposed 
to  have  some  connection  witli  the  nickel  rock  in  origin,  perhaps  having  segregated  from 
ilip  same  magma  before  or  after  the  ningnia  of  the  laccolithic  sheet  reached  its  present 
position.  The  coarse-textured  granitoid  gneiss,  often  porphyritu,  is  in  my  opinion 
generally  older  than  the  nickel  rock,  but  Ls  younger  than  the  miero-norite  described 
ab.  e,  since  it  has  swept  off  masses  of  greenstone  and  green  scliist  supposed  to  be  derived 
from  them. 

Th'>  granitoid  gneis  es  are  befit  shown  along  the  railway  between  North  .'^tar  and 
C'reighton  mines,  where  iliey  are  coar.se  in  texture  with  porjihyritic  flesh-colored  orfho- 
ihisi's  son.etimes  an  inch  in  length  crowded  together  with  an  4.i|ual  amount  of  gray  finer- 
grained  ground-ma.s*.  Thin  sections  show  an  ordinary  hornblende  granite,  consisting  of 
(luartz.  orthoclase.  microperthite.  a  little  plagiwlase.  much  hornblende  .md  a  little 
biotite.  There  is  no  micropegniatito  in  the  sections  .studied.  The  porphyitic  crystals 
are  orthoclase.  sometimi's  a  little  cruslitHl  at  the  edges.  While  micropegniatite  seen'is 
aKsent  from  the  normal  ro<  k  tliere  is  a  reaction  rim  an  inch  or  two  wide  at  the  contact 
of  iiorite  with  thi.s  granite  in  the  C'reighton  open  pit,  which  sliou  ^  coarse  pegmatitic 
intergrowths,  forming  crystals  often  more  than  an  inch  in  diameter  As  the  norite  at 
this  mine  contains  appreciable  amounts  of  micropegniatite.  siuh  ;i  r.:i(  ti.  ii  rini  is  not 
siirjirising. 

The  rock  just  described  passes  by  gradations  into  a  .Jarker  gray  rock  with  much 
'•^e  hornblende  and  less  <|uartz.  which  should  be  called  syenite. 

Near  Copper  Cliff  theie  is  a  porphyritir  granitoid  gneiss,  paler  in  crior  and  with 
la'Ier  piieuijeiyst&,  wjiicii  has  been  utsed  as  builuirig  stoiie  iTi  tne  iT/wn.  it  contunis  niore 
(iirvr  ■'^•^n  the  Creightoi  rock,  and  little  or  no  hornblende,  but  biotite  in  small  quan- 
ci  10  feldspar  is  mainly  microcline.  but  there  is  some  orthoclase  and  oligocl.Tse. 
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.Similar  hiim^s  lia^  hfi.ii  lullftti'd  lii/ni  othor  placfs.  Iiut  ha,.-  nut  lj«'t'ii  studied  in  thin 
hettions 

While  thi-  c(jiir-(.  granitic  rucks  are  K'''i<'iall>  "Idcr  than  thi'  noiiti.,  thiTL'  is  a  nii'diuin- 
grained  flfsh-rtd  granite  tovirinn  coiisulcralile  areas  from  near  KUic  to  Little  Stobie, 
ivluch  is  iindouliteill.v  later  in  age,  sinee  it  penctrati-s  the  I'd^e  ol  the  norilo  at  Murray 
mine.  The  rock  is  normal  granite  with  niuch  ijuartz  and  mi<riKline.  siiiiie  microperthite 
and  orthoclase,  a  little  oligoclase,  a  iinall  ainount  iil  Kintiti.  ami  still  less  mu.scovite. 
Nn  niuropeginatite  wius  ohserved. 

As  this  granite  (Hcur.-  close  to  both  the  nickel  erupt  i\e  and  the  older  nurito  it  is 
probably  a  later  meiiiber  ol  the  -aiue  tainily  ot  rocks  An  anal>...is  by  Mr.  James  Morton 
gives  the  following  results; 
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SpeciHc  gravity,  2. .59. 

It  is  evidently  a  i|uit4  acid  granite.  (  ah  iilat ii'g  the  normal  minoraU  for  the 
cheni'cal  composition    wt-   tiiid   the    following: 

Per   cent. 

Ouartl 35.76 

Orthocl.-iae     31.14 

Albite     26,20 

Anorthite 3.06 

II.vperBthene .62 

Ferric    oxide    63 

Probably  part  of  the  sodium  belongs  to  the  orthoclase.  since  the  extinction  angles 
of  the  plapioclase  correspond  to  oligoclase  and  not  to  albite.  .According  to  the  new 
system  the  rock  may  be  called  Omeoze,  a  dopotassic,  peralkalii  rock  belonging  to  tlie 
order  Uritannare.  but  ne.ir  the  boundary  of  C'olnnibare.  It  is  the  most  acid  of  the  r'(k- 
supposed  to  have  sprung   from  the  hearth  of  the  nickel-bearing  eruptive. 

(jRANITE  FROM  DIKKS 

>iviral  dikes  of  giaiuie  near  Coiiper  Cliff  are  i.vi<lently  later  than  the  norife,  since 
tbi.\  cut  the  nickel  reck  They  are  gray,  and  consist  mainly  of  ipiartz.  ortho(lase  and 
oligoclase  with  some  biotite  and  muscovite.  .\  few  ma,~s(.s  of  flesh-colored  granite  enclosed 
in  norite,  probably  as  dikes,  northwest  of  Murray  mine  and  of  Little  Stobie  are  of  much 
the  same  character. 

As  small  dikes  in  larger  dikes  of  diabase,  a  grayish  fine-grained  granite  forms  the 
late*:t  rock  in  the  region,  perliaps  a  last  upflow  of  the  original  magma  from  which  tlie 
criiptives  described  above  had  their  origin.  It  consists  essentially  of  quartz  and  crtho- 
cliu-e  with  a  little  oligo<lase.  the  only  dark  mineral  being  biotite.  which  in  two  out  of 
three  sections  i.s  changed  to  (  blorite.  Kxcept  'or  the  slightly  porphyriti,"  habit  of  a  few- 
feldspar  crystals,  there  is  little  to  mark  this  as  a  dike  rock. 

It  is  surprising  to  find  all  the  granites  a  -ociated  with  the  nickel  eruptive,  repre- 
senting as  they  do  at  least  three  ag<*,  fo  very  different  from  the  acid  edge  of  the  erup- 

.,VA   i.~c,.        I  ..p   r,    « n _.  -   ,,,,,_,,,,    ^  „^,.^,.r    .ji    :i:uic    '.xiijr:    cnc  nail   ."^r 

Mii(  ropegmntite    the   feldspar  being  orthrclase    with    a    larger    amount     of    plagioclase : 
while  the  other  granitic  rocks  never  liave  a  micropegmatitic  structure  except  for  an  inch 
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•.)r  two  in  CDiitact  wi'h  the  iiorite  at  a  few  of  thi>  iiuius.  Tli''  sir  i- int.'.,  lim  !■  al  vo.ys  a 
inuch  larger  amount  nt'  potasli  tliau  ol  .-.oda  tcldspars  al>o.  hIihIi  maU>  -  aiiotluT  point 
ot  contrast.  It  is  clear  that  they  are  not  dirci  t  ilern  i-  nev  nt  llie  lucUel  ..niptiv...  Miasma, 
thoi.s^h  they  prolialily  orimiuiteil  in  the  .•-anie  source         earlier  or  liiti-r  times 


( iraiiit-  diUe  in  dlaluiM-,  west  ni  SiJillniry. 


DIABASE 


Except  lor  the  lew  Miiall  dikes  of  t:ra!iitp  which  cut  them,  dialiase  is  the  youngest 
rocks  of  the  Siidlniry  district,  ciittinR  all  the  others  a.s  dikes.  The  dikes  are  numerous 
and  generally  contain  very  tresh  material.  «hicli.  however,  very  readily  weathers  in'o 
spheroidal  Imriis.  Professor  WalkerJ^  and  Dr.  Barlowi;  have  paid  considerable  attention 
to  these  haridsome  rocks,  the  former  haviiin  analyse.!  a  spe(  iinen.  and  the  latter  havinji 
mapped  a  niimher  of  the  dikes  near  Sudhiiry.  Some  of  tlie  dikes  are  very  porphyritic 
containing  tabular  plagiocli.^j  crystals  of  all  sizes  up  to  a  sijuare  inch  in  area,  but  other 
dikes  near  by  are  not  porphyritic  I'he  lariier  diket.  are  very  tine-grained  at  the  edge 
.ind  gradually  lieconie  coarse-grained  in  the  middle:  and  where  the  dikes  cut  ore.  ae  at 
the  Creighton  mine,  itieir  edges  may  be  chilled  so  far  as  to  beeoine  glassy.  In  the  ore 
there  are  curious  boulder-like  projections  from  the  dikes,  as  if  occupying  roinuied  cavities 
11,  coiuo-i  t  ion   v>iiii  ;■;■.•  li^sur.    fiiird  by  rhr  diabase. 


ijQaar.  Jour.  Oeol.  Hoc   Vol.   I.III,   pp.   62-6t 
4]0(>ol.  8ur.  Can.  Vols.  XIV.  Part  H,  pp.  90-92. 
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Micro  arc  iirobaMy  ilialiaw  dikes  of  two  a^;l"■  in  tlic  region,  one  tlie  cxci  odingly 
fresh  rock  just  referred  to,  a  iil  a  Ics--  nmiieroiis  <las>.  now  greatly  wcatlicrcd,  the  poi- 
[ili.vritic  (likes  hclonuiiin  to  tlio  fir.st  ila^^  Tlic  coarser  part.s  ot  the  dikes  consist  of 
pianini  la^c  ilahiadoritci.  at  least  one-half,  ilar  or  rcil(li>h  lirown  aiiKite  a  ipiarter,  oliv- 
ine one  iilth,  and  luotiti'.  iiiauiietitr'  and  apatite  for  th.'  rest.  The  plagiodase  is  dis- 
tinctly ophitic  and  often  inilicdded  m  the  aimite  or  even  the  olivine.  The  order  of 
succession  is  magnetite  and  apatite,  olivine  with  placio<Ia.so  partly  overlapping  it, 
platiiocla'-c,  aiinitc;  all  the  other  minerals  heing  sometimes  enclosed  in  the  last  mineral. 

In  smaller  dikes  or  m  ar  tlie  cdfie  of  larger  ones,  plate-like  phenocrysts  of  plagiocla*ie 
are  enclo.sed  in  a  lliie-gi  ained  ojdiitic  ground-mass  of  the  niinerak  named  above;  and 
at  the  edge  of  dikc~  against  ore  the  porphyritic  crystals  of  plagioclasc  and  also  of  aiigite 
are  contained  jn  a  gla-^y  hasi,  pjeried  in  every  direction  hy  minute  plaginclases.  Many 
ol  the  larger  liith.>  of  the  se.  ond  crop  of  plagioclase  have  narrow  inclusions  of  glass  in 
the  centre 

'I'he  type  ju^t  dev(  rihed  i-  hest  displayed  at  t  reightoii  mine,  hut  the  loarser-grained 
varieties  are  widely  i-prcad  in   tlie   region. 

The  dikes  uliich  are  thought  to  be  older  may  ficcnr  with  the  other  ones,  but  it  has 
not  been  pr<ived  that  the  others  cut  tliein.  They  are  not  porphyritic,  are  less  ophitic 
than  the  fiftsh  diabases,  and  the  augite  and  olivine,  it  any  of  the  latter  mineral  existed, 
are  completely  ihanged  to  secondary  hornblende,  magnetite  and  leucoxene.  There  i« 
liri  Milt  also  a  little  ipiart/..  uliich  is  cntirelv  absent   from  the  fresher  rock. 

'Ibe  results  of  an  analysis  of  fresh  oli'  ine  diabase  from  a  dike  near  Murray  mine 
i~  giM  n  as  follows  by  Prof.   Walker: 

1'.  r  .■■  nl, 

^■,1  .  \-  S2 

\l,.o    I"  W 

FiC  11 :i  :;^ 

V.-'n. IJ  <ii 

\ii;ci  :!  :« 

r„n  H.e.l 

Nil.  n ;i.4e 

K    11   ''■ 

II  II ;»| 

lill '■'■■>■- 

V  I'    ■■" 

MlHi I'4 

llii.i  "1 

I'tiii  trjne 

Nil  I      .       !'-'"> 

C.n IKl" 

n.tnl Iiie  »n.l 

-pc.  illr  L'r:l\  It\ . .    'i  e] 

The  aualy-is  >lii>w.v  that  the  rock  is  \ery  ba-ic,  much  mor.'  ^o  than  the  nickcl- 
licanii^  ni'iiie,  Init  that  i'  eoiit;iiii-  milv  .i  little  iiiikel.  The  lar^ze  :iinoiiiit  .1  titiniuin 
aicouiit^  lor  the  peenliar  lihii    or  redili^h  color  of  the  augite. 

■Whether  tin'  diabase  is  to  be  looked  on  a.s  almost  the  last  member  r,f  the  succession 
of  segregation,;  from  the  great  nickel-bearing  niagi.ia  is  not  certain.  l)r.  Barlow  suggests 
that  the  weathered  diabase  containing  ,some  i|uartz  near  Copper  Cliff  is  connected  with 
the  norite  of  the  eruptive.  The^,.  dikes  are  undmibtedly  later  than  the  norit,->,  which 
they  cut  sharply  acriis.«,  but  tliey  may  belong  to  the  succession.  The  fresh  olivine  diabase 
seem.s  to  me  more  probably  distinct  from  the  main  hearth,  since  very  similar  olivine 
diabase  porpliyrit(>  (  ccurs  a^  dike^  at  \;irioiK  places  to  the  we^t.  e.g.  iiiTtli  ol  Lake 
•Superior,  where  no  connection  with  any  nickel  eruptive  can  be  as.sumed.  F.xactly  why 
such  similar  dike  roeks  should  have  been  erupted  from  point  to  point  along  n  distance 
of  hiimlri>d.-  of  miles  is  hard  to  explain.  The  western  dikes  are  generally  supposed  to 
have  a  coniieciion  \\iiii  \oKaiuc  acli\il.\  uuiHig  KtM^et^inwaii  tiiiie.-.,  wiieii  they  penetrated 
the  ,\nimikie  and  lower  rocks,  and  it  is  not  improbable  that  the  fresh  Sudbury  olivine 
diabases  arc  of  the  same  age  and  cnnected  with  similar  phenomena. 
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It  should  l)f  mmtioiu'd  that  ol..  .le  diabase  is  not  coiuincd  to  well  di'llMt-U  dikes  in 
tho  S  V  region,  though  that  i^  Hn  coninioneist  mode  of  o(CuT''iHt',     On  the  south  halt 

as  I  .on.  VI.  i.t  Uenison  town.-liip  an  irregular  mass  .1  fresh  olivine  diabase  spreads 

ovit  ,.ill-   to.  the   width  of  1 ,2UU   feet,  cutting   across   the  Worthiiigton   nickel-hearing 

r>ffs,  t.  fonrniig  a  boss  instead  of  a  dike,  or  possibly  re.viiiibling  on  a  small  scale  tho  I.ogan 
mIU  <j1  ulmnediabiiM    in  tho  Animikie  near  Port  Arthur. 


til 


PetroKraphy   of    the  Sedimentary  Rocl<s 

LOWER    HLRONIAN  SKDIMENTS 

A-  iruntioneil    previously   the  oldest   rocks   in    the   region    ari'   sediments  belonging   to 
iron  foririatioii    which  occur  a  short  di-tance  north  of  the  northern  rinkil  rang<>  near 


(  Icar  lake  in  the  northern  part  of  Wisner  township,  near  the  outlet  of  Wahiiapitao  river 
in  the  lake  of  t\ c  same  name,  and  to  a  much  larger  extent  in  Hutton  and  other  towr.- 
ships  several  mile.s  to  the  northward.  Thi«e  sedimentary  rocks,  consisting  of  granular 
<ilica  or  jasper  interlianded  with  magnetite,  are  interfoldcd  with  greenstones  and  green 
schists.  As  they  have  been  de-scribed  in  former  reports  of  the  iiureau  of  Mines,  they 
will  not  be  hirther  discussed  here  except  to  state  that  th(>y  belong  to  the  upper  part 
ot  the  Keewatin  of  the  latest  classification  (Lower  lluronian  of  previous  reports  of  the 
Hure.ni).j« 

The  oldest  rocks  in  contact  with  the  nickel  ranges  belong  to  the  next  formation 
above,  now  called  the  Lower  Uuronian.  including  arkose,  quartzite,  graywackt?  and  slate, 
older  than  tlu^  Laurc^ntian  nnd  underlying  the  nickel-bearing  sheet.  Their  petrography 
ha~  been  touched  on  by  several  writers,  I'rof.  T.  G.  Bonney4;  and  Prof.  G.  H.  Williams*'^ 
being  probably  the  earliest,  followed  by  Prof.  Walker  in  his  Inaugural  Dissertation  (1897), 
the  present  writer  in  various  reports  of  the  Bureau  of  Mincvs.  and  Dr.  Harlow  in  his 
report  on  the  Sudbury  mining  district  in  190t. 

Honney  is  greatly  puzzled  with  these  rocks,  which  he  hurriedly  visited  soon  after  the 
Canadian  Pacilic  railway  reached  the  locality.  In  reality  it  is  clear  from  his  account 
that  he  b  .-  confused  two  or  three  di.stinet  series  in  his  work,  and  naturally  had  difficulty 
in  harmonizing  matters.  He  is  inclined  to  think  the  quartzitic  rocks  sedimentary,  but 
tinils  tlwni  so  c' mpletely  re  crystallizc-d  that  they  might  'le  granite.  He  refers  to  the 
numerous  crush  brcHciae,  but  i^eems  not  to  distinguish  them  from   true  conglomeratee. 

Williams  describe-  a  number  of  sections  of  quartzite  or  arkose  near  Copper  Cliff 
and  elsewhere,  but  hesitates  whether  to  call  them  elastics  or  felsites,  which  is  not  sur- 
prising when  his  material  consisted  only  of  small  spe<imens  with  no  assistance  from  the 
field  relations. 

Dr.  Harlow  gi\cs  a  good  description  of  the  microbe  opi(  characters  of  these  rocks  and 
admits  that  Mime  of  them  are  altered  sandstimes,  bu*  thinks  the  larger  part  were  volcanic 
ash. 

In  my  own  opinion  the  major  part  of  them  are  water-form. , I  -iMliiiients.  sandstone 
or  arkosc.  liirg.ly  re-crystallized,  the  materials  being  of  eniptiv  origin.  i)ioii;:b  not  i- 
a,sh.  but  as  derived  from  granitic  rocks  by  ordinary  clastic  methods. 

Part  of  these  recks  arc  pale  IIesh-cc)lored  and  very  line-graiiuMl.  having  the  look  cjf 
felsite  and  presenting  little  evidence  of  bedding;  though  they  are  associated  with 
beautifully  stratified  rocks  and  seem  at  timers  to  pass  by  transitions  into  them.  The 
rocks  near  Copper  Ciiff.  which  have  j.ometiiiies  bc-.n  lakcMi  foi  felsite  or  syenite,  are  good 
examples  of  the  variety  showing  hardlv  any  bedding. 

■Sections  consist  of  completely  interlocking  grains  of  coiartz.  orthoclase.  nucrcKline 
and  a  little  plagioclase.  There  is  seldom  a  hint  of  waterwoin  fragments,  though  occa- 
sioiiail.*    li.o  centre  of  a  grain  is  a  Httir  ricudy.     Regeneration  h:i^  goiic  lo  the  o.xtieme. 

44  Bur.   Minei.   Ont..    1903.   pp.   318-321:   alio  1904.  pp.    216-221. 
4=  Jour.  Oeol.   Snc.  Ixincjon.  Vol.    44.  1B88.   pp.   32-44. 
4^r>eol.    8nr    Can.,    1890.   Appendix   I,    Part   F.   pp.  65-82. 
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and  M('tiiiii,s  liHvi'  i|iiitt'  tljc  lixik  (it  ii  fiM(!)(raini'(l  (^rHiiitiv  JIhtk  arc,  however,  small 
(lirtv  iiiirticli'i  lliut  do  iii>t  ><fiii  tu  licloiin  to  a  uraiiilic  rex  k.  Ok  a-.iuniillj-  large  grains 
are  hedded  in  tlie  liner  mitriv  >nth  a  siigne-.ti()n  ol  por|ili\  nl  n  stnulnre,  Ijiit  they  ha\e 
no  ir.vslal  oiil lines  and  a'e  generally  (oni|)i«>ite.  In  more  highly  iiietaniur|ihoMd  parth 
long  blades  ot  ^rern  lioriililende  are  developed,  silKti'"^t  uiu  a  \arieTy  (it  coarse  syenite. 
Tliin  seilmts  sliiiu   tile  hornlilcndc  to  he  in  very  iinpertcctly    t(^rnied  crystals. 

Spe(  iiiieiis  Iroiii  |Miiits  hetweeii  (upper  (  lilf  and  Siidl.ur.v  have  nmre  of  a  granular 
arrangeiiiciit  llian  near  Copper  (  lili,  U4th  line  delni.s  lictwccn  the  grain.s.  ami  are  handed 
uith  liner  and  (i.aixr  layers  and  -eein  In  ((•ntain  iiiunile  rcmiided  pehhles  hlightly 
dilferent  Iroiii  the  j^nmnd-niass.  In  addite/ii  to  niainile-  o!  i|iiartz  anij  leldspar.  epidote 
and  a  considi  rahle  anioiint  of  hiotile  in   iiunutc  Mali.s  im   li,.  determined. 

Specinuns  taken  troni  lietHccn  ."^tohie  and  Ule-ard  ihiios  are  formed  of  interlocking 
grains  of  (piartz,  orthiK-lase.  a  littU*  microclinc  and  a  little  oli^oclase.  J'here  are  a  few 
Bhreds  ot  hornlilende  al.so  and  a  litth-  nl  a  dark  mineral,  probably  inagnetito. 

tii  ti|.  whnle  these  llesh  ( (ilored  re-crvstallized  iirkoses  ;ire  very  .iiisat  |s|ai  tor.\  ro(  ks 
to  stiuh  and  they  pass  into  n cKs  so  ( >  miiletely  re-arranyed  tliat  tlicv  niiizht  prop'-rly  he 
■  nihil   ic-iom|i(Scd  granites,  applying  the  term  used  h\    Or     Itarlmv  . 

On  the  other  liaiid,  there  arc  transitions  to  jnire  .|uartzite.s  in  which  feldspar  is 
almost  absent  and  only  (Hiartz  and  Minio  i-  ales  ol  chlorite  or  hiotite  with  a  little  inde- 
finable dirty-looking  material  (an  he  distinguLshed.  tiood  examples  of  the  last  variety  are 
found  on  the  hill  near  ilcadi|iiarteis.  in  (iarson  township. 

There  arc  also  transitions  to  graywacke.  in  which  the  iriuddy  materials  containing 
Ir.itrnieiits  of  quartz  and  fehlspar   are  to  an  extent   rc-crysiallizeil   into   ihlurite. 

(iR.AVW.ACKI: 

'I'lie  other  main  type  of  Lower  Unronian  sednnents  h;is  been  referred  lo  in  pre\  ions 
[laiis  of  thifi  re|iort  as  graytvackc',  though  it  include^  also  impure  (|nartzite  and  slaty 
larieties.  interbedded  with  the  graywai  ke.  I'hese  Mvi  ks  are  line-graine(l.  never  flesh- 
lolored.  but  alivnys  some  tone  of  light  or  'lark  gray,  and  in  hand  specimens  are  often 
^o  unitorni  in  appearaiuc  that  they  iiiigiit  be  taken  t.ir  a  line-grained  ba.sir  eruptive. 
Weathef  i|  siirlai'S  are  lighter  grav  and  (iis(  lose  st  i  net  in  e,s  evidently  wat<>r-forined.  On 
•^laiiateil  parts  ibi.  more  '|Uartzii'-e  layers  retain  their  snioothncss.  hu'  flie  softer  layers 
ot  a  .soiiicHhat  .-!:it\  i  haraiter  in-iv  be  deeply  attaiked.  brimiiiig  out  sliarply  the  bcMing 
ol  the  i.iifiiiial  •aiolstone.  sometimes  also  cross  bedding  and  cross  sections  of  ripple 
marks  Still  inoie  ((iiininiii  are  the  |is:'iidoniorpbs  after  silicates  rich  in  alun.ina,  Ruch 
as  staurolite.  w  liosi>  oiiilincs  are  otteii  very  distinct  and  of  all  dimensions  from  a  grain 
'  I  ri' e.  in  tie-  so-calleil  tkc  nick."  to  forms  five  inches  loier.  In  many  cases  the  p.seiido- 
moriilis  nii>  pale  gray  or  e\  en  wliite  and  stand  out  strikingly  from  the  darker  tone  of 
'lie  ro  k  >|iei  ially  gooii  examples  of  these  pstnidoiiiorphs  are  found  near  Stobie  and 
FriMxl   niiiies. 

Thin  sections  of  tiicse  rocks  show  iiiikIi  the  same  minerals  as  are  found  in  the 
arkose.  Init  generally  iinne  ipiartz  and  always  more  of  the  micaceous  minerals,  scricite 
for  tnlci.  (  hloi  ite,  and  hiotite.  a.s  well  as  iiidetitiable  somewhat  opaque  materials.  The 
shapes  ,f  ^li,.  ,.ri 'inil  sand  iiiain-  ;ire  oft-n  .listjnil  [n  the  same  section  there  iiia\ 
lie  roni-il\  L'tannlnr  i|n:irt/  wjili  dnsiv  miteii.ils  biiuiiii,  and  riieT-i_;raiiieil  layers  of 
minute  grams  of  i|iiartz  and  feldspar  confusedly  mixed  with  sericite  and  chloritic  scales 

The  iis"udomorphs  are  often  of  nearly  pure  liiiely  granular  ipiartz.  hut  sometimes  of 
sericite  or  chlorite  \o  tivuc  ha.s  'leen  found  of  the  urn  hanged  st.iurolite.  thou(_h  the 
six  sided  cross  seitioiis  and  St.  .Xndrew'.s  cross  twins  are  conclusive  as  to  the  original 
mineral       As   this   is   a   mineral    u.siially    formed   in    sjaty   nnks   near  nii    eruptive   contact. 

we    mav    snninl-e     llnit     the     -Intv      "rav-.vac!;;-      '.v;e-      lo;-::!!-,-        i^ifnicirr.!-..-.-.'-.!     ]:\-    r,.-' J.-^ir.^"- 

gabbro  or  norite  inasses.  or  peiliaps  in   sonic  cases  by  bands  of  granite. 

I'arallel  with  the  gravwatki'  having  porphvritic  iixnidoriorphs  after  staurolite  near 
Frood   and    Stol.ie    mines    is   a   band   of  gra\»,-icke   of  a    iciaiser   texture,   si^nninglv  made 
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of  obscure  fragments  of  rock  with  concretions  ol  j.aler  color  scattered  through  it,  and 
containing  large  oval  or  eye  and  eyebrow-liko  nms.os  of  iiuartzite.  There  seem  to  be 
gradations  between  the  apparent  concretions  and  the  larger  quartzite  masses.  The 
latter  are  a>  well  rounded  as  pebbles,  hut  generally  have  a  concave  hemispherical  slice 
shifted  half  an  inch  nway  from  them,  in  cro.s  st>ction  showing  a  large  oval  eye  and 
rr&scent-shaped  eyebrow.     The  cause  of  these  curious  shapes  is  not  known. 

Thin  hection*  of  the  graywacke  consist  cf  c.uartz,  ortho<  lase,  microperthite  much 
biotite,  and  some  opidote,  mostly  a,  completely  interlocking  crystals.  The  '  vague 
pebble-hke  or  concretionary  forms  .seen  on  weathered  surfaces  differ  Irom  the  matrix 
only  in  a  slightly  different  size  of  the  grains  and  a  less  amount  of  biotite  The  "eyeB" 
are  of  (juartzite  with  sharp  margins. 

A  section  of  graywacke  with  rather  distinct  concretions  but  no  "eyes,"  consisU  of 
Ibe  same  minerals,  tlio  va-uely  cd-ed  c„i.creti,.ns  luuing  liner-rained  mateiials  and 
less  of  the  dark  minerals. 

This  rather  narrowband  of  rocks  has  more  of  the  feldspars  than  the  graywacke  dcs- 
cMl.Pd  before,  and  is  s>  mewbat  moie  completely  re-crvslalliz-d.  perhaps  be,-..use  nearer  i., 
eruptive  rocks.  Whether  they  are  related  to  the  singular  hornblendic  rocks  containing 
rr-wded  pea  or  bean-like  white  spots  is  uncertain;  the  diif.Tont  composition  of  the  latter 
seems  to  set  them  apart.  Beside  the  graywacke  containing  pseudomorphs  or  concretions 
there  are  near  Frood  mine  mica  schist  and  fine  gray  gneiss  that  probably  present  a  still 
more  compb'tcly  re-arranged  sediment,  in  which  no  water-formed  slriKture  remains  -llHy 
consist  of  quartz  with  small  amounts  of  clear  feldspar,  muscovite,  biotite,  chlorite  and  a 
httlo  magnetite,  the  grains  interlocking  and  showing  no  evidence  of  rounding  by  water. 

(IRAYWACKE  CO.NriLOMERATIi 

Near  Hamsay  lake  and  at  some  other  points  in  the  region  there  is  graywacke  of 
a  different  kind  from  the  rocks  hitherto  mentioned,  with  no  marked  stratification  but 
occasional  angular  or  rounded  pebbles  or  boulders,  of  more  than  one  sort  of  rock  es- 
pecially a  reddish  granite  with  very  little  in  the  w.iy  of  dark  minerals,  and  quartzite 
of  different  varieties.  Near  a  small  lake  north  of  Ramsay  lake  fragment*  of  the  well 
s  ratified  graywacke  described  on  a  former  page  occur  in  this  rock  near  its  margin  but 
they  may  have  reached  their  place  by  faulting.  On  the  shore  of  Ram.ay  lake  a  small 
promontory  consi.ste  largely  of  a  crowded  conglomerate  of  the  rocks  mentioned  with  the 
stratified  graywacke  overlying  it,  as  if  a  basal  conglomerate  h,-.d  been  overturned,  but  the 
evidence  is  not  clear. 

Since  the  graywacke  conglomerate  contains  quartzite  very  like  some  of  those  which 
have  been  described  ss  belonging  to  the  Lower  Huronian,  it  must  be  considered  Iat->i 
in  age,  but  the  real  relationships  of  the  two  rocks  cannot  be  settled  positively  at  pres..,* 

Ihe  ground-mafis  of  the  conglomerate  is  very  dark  gray  on  frrsh  surfaces,  and  shows 
small  broken  grain,  of  quartz  or  of  fme-grained  quartzite.  Thin  sections  contain  frag- 
ments of  quartz,  angular  or  well  rounded,  of  various  sizes,  embedded  in  a  ground  of 
much  finer  particles  of  quartz  and  perhaps  feldspar  with  minute  scales  of  brown  biotite 
The  quartz  grains  are  generally  of  a  single  cry.stal,  though  some  are  compound.  Le«« 
numerous  than  the  quartz  grains  are  small  fragments  of  plagioclase  (oligoclase)  and 
nrth'.clase  or  of  felsite  or  quartzless  porphyry  No  in.-,rk,,l  amount  of  re-crvstalli/.tion 
IS  to  be  .seen  except  for  the  tiny  scales  of  mica  thickly  scattered  through  the  feldspar 
and  felsite.  ' 

In  macroscopic  appenraTuc  thb  r.,rk  is  more  like  boulder  clay  than  anything  eUo 
among  modern  rocks,  and  the  mirn.s,„pic  characters  do  not  conflict  with  this  idea-  but 
It  might  be  rash  to  assume  glacial  action  ,so  early  in  the  world's  history. 

THR  TRO'.'T  LAKC  CONOLO.MfHRATr 

The  rock  mapped  as  the  Trout  lake  conglomerate,  which  is  obier  than  the  nickel 
eruptive,  but  much  younger  than    the   previo-.s  sediments,   lies   between  the  acid   edge 
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c,  the  eruptive  and  tin-  Onaping  tulF.  and  w.  a  sense  U  internud.ate  between  them.  th« 
wer  par     U-n,  so  changed  l.y  the   presence  ot  the  erupMvo  dur.n«  .ts  lon«  period  o 
cooling  a.   to   resemble   it   closely,   being   d.tingui.hed   oueu  only    by       e  P---  "^ 
.„..r  cr-.ra.n,.d   and   redder   pa.che.,   with    va.uo   cl^..,   »h„h   were    i-.M. -s   or    I    nl  1  rs 
0.  Rran.te.     In  the  upward  direction  the  conglomerate  may  contain  thin  bunds  o.  white 
q.iartz.te,  gray  chert  or  a  «rc..n  gray   tine-gruined   rock;  but  hnal ly   pa..e.  mt.  gray 
C  e-grained    crys.all.ne-look.ng  rock,  containing  angular  or  -"■'d^V"'""',  aVo  boun 
analog  oMen  pebbles  or   boulders  o.    granite  and  ..uartzite.     Ihis   ha«   no  sharp   boun- 
daries separating  it  from  the  dark  gray  vitrophyre  tutf. 

The  whole  ot  the  diUerent  phases  mentioned  above  are  considered  "j  '-  ''^^'""y 
water-fornied  sediments  with  little  or  no  volcanic  matter,  but  greatly  modified  by  solu- 
tions comini-  trom  the  laccolithic  sheet  beneath. 

Where  typically  developed,  but  somewhat  rolled  out,  the  ba«e  of  the  conglomerate 
suggesU  ce ruin  Laurentian  gneisses,  being  generally  tl»h-colored  or  gray  with  some 
partlctni  of  structure,  the  matrix  like  a  hne-grained  gneiss,  the  Battened  boulder, 
havu  g  a  oarser  grain  and  sometimes  porphyrit.c  feldspar.s.  This  phase  soon  passes  into 
a  filgrained.  Jnewhat  speckled  green  gray  rock  with  numerous^^llesh.colored  or  pal  r 
grar."eU.sions,   the  whole   having   the   look   of   a  variety   of   the  Keewatin   agglomerate 

"^  ^T'h?i!"Ll"altered  conglomerate  has  generally  a  darker  gray  fine-grained  matrix  and 
boulders  or  pebbles  of  lighter  colored  rocks  with  well  defined  outlines. 

Thill"  ct\ons  of  the  matrix  of  the  conglomerate  near  the  acid  edge  of  the  eruptive 
,,ave  quite  the  appearance  of  a  massive  rock  of  the  same  composition  "« /he  "Cid  edge 
itself  but  with  little  or  none  of  the  muropegmatitic  sf  :cture  so  characteristic  of  that 
ro'k  In  fact  every  transition  can  be  found  between  nacropegmat.tic  grano-d.or.te  o 
he  typical  acid  edge  and  the  matrix  of  the  conglomerate,  containing  undoubted  but 
vagueW  edged  granite  boulder.,  so  that  the  boundary  between  the  eruptive  and  the 
sedimentary  rock  is  no  more  sharp  in  thin  sections  than  in  the  field. 

At  the  very  edge  of  the  acid  phase  of  the  eruptive  there  are  often  smal  A-h-co  ored 
areas  with  a  number  of  green  epidote  crystals  and  sometimes  a  space  unfilled  ""d  these 
Jat^he.  are  found  also  in  the  more  altered  pha.e  of  the  conglomerate.  Good  instances 
of  the  transition  are  seen  near  Joe's  lake.  A  specimen  of  gray  fine-grainec^  rock  con^ 
aining  a  pink  granite  pebble  taken  from  near  the  eruptive  edge  a  he  ou  let  consists 
of  quartz,  orthoclase  and  much  plagioclase  in  long  strips  with  a  ''"1«  ^hl°"te  The 
nuartz  IS  mostly  granular,  but  partly  in  rude  micropegmatit.c  mtergrowth  with  feldspar, 
d  n  general  appearanc;  under  the  microscope  the  rock  can  be  matched  with  specimens 
from  the  eruptive,  and  would  be  classed  with  it  but  for  the  enclosed  granite  Pebbles_ 

A  section  from  a  sample  taken  lOO  yards  from  the  eruptive  edge,  containing  a  fine- 
grained granite  pebble  and  numerous  fragments  of  pale  flesh-red  and  of  green  rocks 
■'mn,;,  Hko  .he  l.nst  one  except  that  it  is  finer-grained  and  has  a   few   large  crys.aK  of 
green  epidote.     At  180  yards  the  characteristic  dark  grayish  tuff  occurs,  crowded  with 
glass  fiagments. 

A  series  of  specimens  taken  from  south  of  Moose  lake  shows  more  variety  The 
acid  edge  is  coarse  and  reddish  gray,  with  patches  of  red  enclosing  green  epidote  or 
! mall  vu.s  with  epidote  crystals,  and  is  made  up  to  the  extent  uf  more  than  one-ha_lf 
o  v  ry  olaliorate  micropegmatite  about  plagioclase  crystals.  Forty  paces  south  there  » 
undoubted  conglomerate  with  granitic  boulders  in  a  matrix  of  the  same  "'"^^'^  "  *^« 
acid  phase  of  the  eruptive,  but  with  only  rough  intergrowth  of  quartz  and  feldspar  and 
wh  numerous  patches  of  greatly  weathered  orthoclase.  Forty  paces  farther  south  there 
"a  band  of  white  quartzite  or  arkose  about  60  feet  wide,  consisting  o    greatly  c  nshed 

ouarti  and  feldspar.     Une  nunarcd   ana   Si'.y   P-"-"   ■- ••".      ^- ,":"   r  .     ,     ,  „„ 

grained  bluish-gr.v,  and  contains  pebbles  of  g.anite  and  quartnte  with  indistinct  edges, 
one  flesh-colored  pebble  enclosing  green  epidote.  A  thin  section  of  the  matrix  might 
easily  be  taken  for  the  acid  eruptive,  being  made  up  of  the  same  minerals,  with  m.cro- 
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p' Hnitttiti;  doiclopi'd  to  variouH  degrees,  siiiiictiiiic'i  very  olulioiii;fl> ,  at  otliii^  (imI\  liintwl 
at  by  a  rough  intoniiixture  ot  (luartz  with  leldtpar  or  by  a  tendency  of  the  quartz  to 
grow  out  with  rounded  projections  into  the  other  mineraU. 

The  next  specimen  ,  18(J  paces  from  the  acid  edge,  is  much  like  the  one  just  described, 
but  a  thiu  Kection  shows  no  niicropegmatite,  though  the  curious  gronth  ot  the  (iiiartz 
in  bunchy  masiios  is  more  pronounced  than  in  the  former,  and  Ifldfipar  is  present  in 
leKi  amount. 

The  next  specimen  is  j'  a  quite  different  kind,  bluish  gray  and  chcrty  in  appearance 
with  many  angular  fragments  of  whiter  cherty  tragment/i,  proving  in  thin  sections  to 
consist  of  quartz  with  innumerable  tiny  crystals  of  epidote.  This  rock,  200  paces  from 
the  acid  edge,  is  thought  to  belong  to  the  overlying  tuff  rather  than  to  the  conglomerate. 

A  specimen  of  conglomerate  near  the  acid  edge  at  Onaping  is  much  less  granitic 
looking  and  in  thin  sections  shows  no  rcscmblanco  to  tho  acid  phase  of  the  eruptive, 
consisting  of  quartz  and  feldspar  blending  into  ono  iimlher  with  chlorite  scales  and 
often  radiating  bundles  of  actinolite.  This  matrix  encloses  grains  of  quartz  and  some 
angular  fragments  of  a  rock  like  very  fine-grained  quartzite. 

A  ^iiod  series  of  specimens  of  the  conglomerate  comes  from  south  of  Windy  lake, 
where  the  band  is  wide,  and  resembles  that  from  Joe's  lake,  but  thin  sections  of  them 
have  not  been  made.  Another  interesting  collection  comes  from  a  small  lake  near  the 
middle  ot  Trill  township,  comprising  arkose  and  a  cherty  rock  as  well  as  conglomerate. 
A  section  of  the  last  rock  is  made  up  of  quartz,  orthoclase,  epidote  and  chlorite,  with 
embedded  fragments  of  quartzite,  and  does  not  resemble  tho  acid  eruptive. 

Specimens  of  schistose  conglomerate  from  the  north  shore  of  Whitewater  lake  have 
numerous  pebbles  of  grani'.e  and  qtmrtzite,  and  a  few  of  green  schist  in  a  fine-grained 
gneissoid  ground-mass,  too  much  sheared  or  squeezed  to  show  original  structures. 

In  a  general  way  it  may  be  stated  that  the  Trout  lake  conglomerate  has  been  greatly 
metamorphosed  near  the  acid  edge  of  the  nickel  eruptive,  the  process  often  going  so 
liir  that  the  matrix,  probably  arkose  in  the  beginning,  is  completely  re-crystallizi<l  into 
a  rock  containng  the  mineraU  of  the  acid  eruptive,  even  the  micropegmatite  structure 
being  produced  to  some  extent.  The  enclo&ed  pebbles,  being  of  crystalline  rock  such  as 
granite  and  quartzite,  have  undergone  less  change,  but  their  boundaries  have  been 
blended  with  the  matrix  to  a  considerable  degree. 


THE  ONAPINQ  TUFF 

No  rock  in  the  Sudbury  district  except  the  nickel-bearing  eruptive  itself  has 
attracted  more  attention  than  the  tuff  (or  vitrophyre  tuff)  w'  'i  runs  as  a  range  of  hills 
round  the  outer  edge  of  the  basin  with  the  conglomerate  bet  .  oen  it  and  the  acid  edge 
of  the  eruptive.  This  rock  appears  to  have  been  noticed  first  by  Prof.  Bonney  at  the 
High  falls  of  the  Onaping,  being  described  as  a  "fragmontal  rock  like  a  volcanic  ash. 
.  .  .  .  The  finer  matrix  is  almost  opaque,  a  very  dark  dust ;  the  smaller  fragments 
are  quartz  (not  abundant)  and  altered  feldspar  or  devitrificd  glass.  The  larger  have 
probably  been  a  moderately  acid  glass,  sometimes  vesicular The  zonal  ar- 
rangement of  some  of  the  evitrification-structures  suggests  that  the  changes  have  taken 
place  in  situ."*^ 

Dr.  Bell  was  struck  with  the  rock  and  sent  specimens  to  Prof.  G.  H.  Williams,  who 
gave  an  e.^cellent  description  of  their  microscopic  characters,  with  an  illustration, 
naming  the  reck  vitrophyre  tuff.4«  ITf>  found  the  ingredients  to  be  mainly  glass  frag- 
ments, now  largey  silicified.  The  present  writer,  having  a  larger  amount  of  material, 
added  a  number  of  substances,  largely  elastic,  to  the  list  contained  by  the  tuff;<9  and 
Prof.  Walker  and  Dr.  Barlow  have  described  t  mm  in  their  reports  on  the  region,  the 

latter  nilntincr    WillinniR*    gPooilTlt   of   th?!Il.?o 

4'>0nar.  Jonr.   Oeol.  floe..   liOndon,   1888.   Vol.   44,  p    40. 
4aneo1.  gar.  Can..  1890.  pp.  74  and  5  P. 
4QBar.  Mines.  1903.  p.  291;  alio  Can.  Reo.  So.,  1893,  p.  344. 
so  Oeol.  8nr.  Can.,  1904,  p.  73  H 
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•n,.-  rock  i«  v..rv  .lurk  nr»y  and  rori.pacl  «..li  ".any  hp.<  k«  «iui  nnKular  ra«,niont8 
..,  p«l..r  .„«t..rml  un.l  also  of  pyrrhot.t...  It  «..»U,..r.s  to  l,row„.,l.  and  wh.t.sh  B..rlac«» 
«hKh  ar..  v..ry  rouKh,  s.n-e  -.n.o  ot  th.  ii\n..  fra^.MWil.  «.•..! h.r  ..ul  Koon.r  than  tho 
n.a.r.x.  H.r..  and  thoro  p.ld.U*  or  lK,uld.r«  ol  red  uran...  and  ot  «ra,  ..uartz.to  occur 
,n  tho  tulf,  and  aUo  blocks  ot  a  srav..!.  d.cr.y  rock,  wk.ch  tak.-.  a  streak  from  steel 
l.ut  winch  .onietnnes  weathers  in  a  way  nnl.ke  chert.  io  hed.l.nK  ha,  heen  ohserved 
I.V  mo  th..u^:h  the  well  rounded  p.hhles  en,  l.^e.l  MiKUest  stron«ly  that  the  ash  was 
,l..pos,t'rd   in  a  l.ody   of  water.      I'rof.   Walker  has   noticed   htratitu  at.on,   however,   near 

Wtutson   lake.  ,        ■         .   i     ..i  t 

The  ro.k  l.roaks  with  a  con.houlal  fracture  and  is  very  hard  and  brittle,  many  o! 
,ho   included    .ra«ment«    he,n«  changed   to  chalcedony,    and   as    Honney   notices,    hav.n« 
.Hcasionally   a  concentric   arranKen,ent  .luu  to  water  action  since   the   ro-k  wa«   lornied. 
In   thin  sections  anRular  fragments  of  different   sues  are  crowded   together  with   a 
small  amount  of  aln.ost  opaque  material  hotween.     The  sharp-edwed  splinters  and  fraR- 
„,ent«   of   Rla^.    are   very    striking,   some    show.n«    fluidal   structure,    others    apparently 
pumice  or  Mawy  class  with  round  or  oval   inclusions  now   tilled   with   griM.n  serpentine, 
uhile   the   clear   parts  are  chalcedony.      Some  of   tlie   fragments   consist  entirely  of   ser- 
pentine   others  entirely  of  chalcedony,  and  «ti;i  others  of  chalctnlony  on  the  outride  an, 
serpentine  in  the  middle.     There  are  also  tracments  with  .hal.edony  on  the  .mtside  and 
crowded  epidote  crystals  in  the  middle,  the  latter  mineral  occurring  also  as  radiating 
f„r,ns   ,„    round  mas-es    like   tiny    an,vcdul,.s.      Ileside   the  f^^^;^^"'-'^]-    '^\':"''^""^] 
devitrified,  there  are  fragments  of  quartz  and  less  often  of  feld-spar,  both  striated  and 
unstriated    some  fibrous   hornblende,   and  also  calcite  or  Bome  other  carbonate,   either 
a,  s.ndc   in,livi,luaN  or  as  composite  m.nsses.     The  carluu.at...   ,M.,y  be  products  of  re-nr- 
raneement  of  some  volcanic  rock,   and  all  the  other  rubstances  mentioned   may  be  of 
eruptive  oricin  ;  but  the  small  pebbles  of  quartzite  and  of  fine-Rrained  Rranite  must  bo 
clastic  materials,  and  the  same  is  true  of  the  large  masses  of  the  same  rocks  enclosed 
as  rounde.l  boulders  in  the  tuff.     The  .source  of  the  blocks  of  cherty  rock   in  the  tuff  -s 
not   clear  unless  they  come  from  cherty  developments  near  the  top  of  the  next  lower 
series,  the  Trout  lake  conglomerate. 

The  best  examples  of  vitrophyre  tuf!  in  my  collection  come  from  OnapinR,  near 
Trout  lake  in  Howell  township,  and  the  southern  part  of  Wisner  town.ship.  Good 
examples  are  found  also  north  of  Whitson  lake,  where  Prof.  Walker  obtained  the  ex- 
ample  which  he  analyzed  with  the  following  results :  J> 
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A  partial  analysis  of  the  rock  from  Onaping.  by  Dr.  Hoffman  gives  60.23  per  cent, 
of  silica,  which  does  not  differ  greatly  from  09.93. 

The  dark  grav  or  black  variety  of  tuff  described  above  passes  downwards  into  a 
P.iler  grav  rock  with  lighter  fragments  scattered  through  it,  the  ligbter  portions  some- 
times containing  darker  streaks  and  spots.  The  edges  of  the  included  fragments  are 
not  quite  as  sharp  as  in  the  variety  described  above,  but  in  the  earlier  stages  the  main 
difference  to  the  seen  under  the  microscope  is  the  loss  of  the  dark  coloring  of  the  matrix 
and  the  disappearance  of  the  smaller  chips  of  glass,  the  larger  one  still  showing  their 
Ann-  structure,  etc.,  and  consisting  of  serpentine  and  chalcedony,  ,     -    _  - 

Utill  nearer  the  conglomerate,  at  Moose  lake,  sections  of  the  grav  roe^  hl.o-  tewcr 
structures  which  can  be  referred  to  devitrified  glass  fragments,  and  the  whole  rock  is 

t   Qii.ir    Jonr    Geol.  Soc.  Vol,  53,  p.  *5. 
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t'liaiiKi'il  to  cimlct'duny  (ir  a  un^suii  of  iTystallino  iiuartz  with  [iiiirh  rpidoto  and  •om<> 
itilni  itc  or  riiic.i  K\  iili  ntly  the  rliiiiiK"'  i^  d"*'  to  proximity  uf  I  he  jicid  idui'  i>l  tin-  lui  !»•  1 
eruptive,  winch  at  tlii.>  stajjo  u*  only  a  f>'w  hundred  or  a  thousand  fwt  away.  Very 
limdar  channos  are  mfu  at  Unaping  hut  no  thin  swtions  ol   thfiu   have  hocn  ntuditd 

l)n  tlip  opposite  (lido  the  vitrophyro  tuff  pnv-rs  inio  ftliity  phas(*.  lilmk,  with  palor 
and  also  darker  flakes,  probably  reprcenfini;  flattened  fragirents  of  some  kind,  perhaps 
volriinic.  Occasionally  there  is  a  small  tirtwn  of  cjuartiite  also.  The  iih«ty  cleavage, 
tthilf  distUKi,  niv>'>  ratliir  rounh  Mirla(es  unlike  those  ot  the  Onwatiri  ^lllte  mtu  whiih 
this  rock  Rradci. 

Thin  sections  show  plainly  that  the  slaty  r(Kk  is  related  to  the  tuff,  hince  there  in 
a  Mark,  aliiisst  .i|iMi|i)f  i;riiiih'l  willi  inaiu  li;:lil-rnli.ri  •!  annular  frai'iiii  ril-  ■■(  ^lai-f 
'  l.inued  to  ^ctpiiitine  and  chalcedony,  sonietinics  perlitir,  hut  there  ari'  niariv  spicks  and 
larger  areas  ol  ciirlionativs,  and  pynte  crystals,  often  with  chalcedony  radiatmc  from 
them.  The  black  colorinc  matter  seems  to  bo  carbon  as  in  the  slate,  and  is  conlinud  to 
rounded  flakes  to<i  opai|ue  tor  detcmiinal  ion.  It  i.s  surprising;  to  see  so  little  cruohini; 
or  stretching  of  tho  class  sherds  m  a  rock  showing  such   marked  slaty  cleavage. 

In  Kenei  al  the  slaty  tuff  contains  more  of  the  ordinary  clastic  sedimentaiv  material 
than  the  harder  variety.  hu<h  as  grams  ot  <|uart/,  and  ot  a  doloiiiitic  rock,  both  of  which 
are  present  in  large  numbers,  as  'vi>M  as  the  carbonaceous  flakes  mentioned  above.  In 
fact,  the  glass  fragments  form  less  than  half  tho  rock,  which  is  really  a  transition 
toward  tho  slate. 

THIi  ONWATIN  SLA  1 1; 

The  black  slate  into  which  the  slaty  variety  of  tuff  merges  is  tree  from  visible 
fragments  of  any  kind,  compact  in  appearance  and  very  cleavable,  the  clea\,ii;<'«  crossing 
the  stratifn  atioii,  as  shown  by  blight  dffercnces  in  texture.  The  surlaie  weathers  gray 
owing  to  the  slow  oxidation  of  the  carbon  which  given  tho  black  color  to  the  fre.sh  rock. 
Near  Vermilion  lake  there  lias  been  a  great  deal  ot  faulting  and  slickeiihiding  in  [ilaees, 
and  here  the  polished  surfaces  have  the  fieling  of  graphite  and  «oil  the  fingers;  tho 
jlor,  however,  is  darker  than  that  of  graphite.  Thin  slivers  turn  pale  gray  when  held 
in  a  Hame  and  lose  several  per  cent,  of  their  weight,  while  a  specimen  analysed  by  Dr. 
Ellis  contained  6.8  per  cent,  of  carbon.  If  the  caibon  is  estimited  at  ■'>  per  cent,  of 
the  Onnatin  slate,  which  has  a  thickness  of  ;),7lJ<l  teet,  the  total  amount  is  lii(J,iXM),(X)tl 
tons  per  square  mile.  Tho  area  of  slate  is  about  140  nciuare  mile^.  and  it  would  be  a 
Tory  respectable  coal  field  which  should  contain  as  much  fuel  as  this  sheet  of  slate.  It 
is  probable  that  the  carbonaceous  matter  was  originally  of  a  bituminous  kind,  i^ince 
the  vein  of  anthraxolito  mentioned  in  a  previous  chapter  could  only  have  been  formed 
in  that  way. 

Thin  sections  are  not  very  satisfactory,  since  they  are  untransparent  unless  ex- 
ceedingly thin.  The  minerals  recognized  are  quartz,  sericito,  chlorite  and  the  dark 
colored,  opaque,  carbonaceous  matter.     No  rutile  needles  have  been  observed. 


THE  CHELMSFORD  SANDSTONE 

Overlying  the  slate  and  to  a  slight  extent  interbedded  with  it  is  tho  gray  sandstone 
or  arkose  rising  as  anticlinal  hi  i.<  in  the  centre  of  the  basin.  The  rock  is  monotonoim 
in  color  and  in  compositon,  but  in  places  contains  a  vast  nun'.'.)er  of  concretions  from 
a  few  inches  to  three  or  four  feet  in  longest  diameter,  with  halt  that  width.  Except 
that  the  concretions  weather  more  quickly  than  the  surrounding  rock  and  form  oral, 
somewhat  rusty  depressions,  the  surfaces  of  the  outcrops  are  singularly  uniform.  To 
the  naked  eye  the  composition  of  the  rock  is  not  evident,  except  that  grains  of  quartz 
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where  in  rare  instances  small  pebbles  mav  occur.  Thin  seinis  of  gray  slate  often  part 
the  sandstone  beds,  and  may  be  squeeied  into  small  folds  and  contortions.  Slaty  cleaT- 
age  is  marked  in  these  finer  seams  and  is  often  visible  in  the  sandstone  as  well. 
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ThiM  s.Mtions  ..f  til.,  ^lnty  liiy.r^  liuvo  thr  -iim"  <M.iii|).».iti.,n  ii>  t>iu  On>wiiiii  hUi.^ 
|.k(<'l)t  for  tho  la(U  of  thv  darU  cBrlionacKDiUi  Mil.sti.iic«.  1  li..  auii.l-toii  .  i.iiimhU  liirijcly 
ot  ani;iilur  or  roun.li.l  Krniiis  of  unnrr/.,  tlioiiuli  th.ri-  ar.'  ul~..  (|.m  avitiB  uraiiu  ot  ortho- 
fins.,  ami  ii.Kroclin..,  and  fresher  on.*  of  oli^o,  Uso,  all  iinhiddcd  in  n  dirty  matrix, 
whilp  hiotit..  oi.urH  hpari'.Kly.  Thin  actions  of  tho  (onir.tions  contain  grains  of  tha 
Katiii.  minf-rals  lo  the  i-xtcnt  of  alniiit  a  third,  th..  r..st  h.iiiu'  n  (nrh.>iin».'  "Iiiih  rlf-r- 
vrM'.'s  with  cold  acid,  'o  that  thr  coiK-n  tioiih  Ik.v.    ihr  njiii|...  il  ion  of   iiiipiio  linipstone. 

Tho  loii;;f.st  a-.is  of  the  .  .nin.t  mti-  i.s  alHiiy>  piirallel  lo  th.'  >tnl>.',  pr.ilml.ly  indi- 
riitiiin  ...inpi.'hsion,  mid  tli.'  IliitlrniiiK  of  the  loneretions  and  the  iiiiperf.ct  slaty 
ileavaKo  nnivt  have  l""ii  rau.se.l  by  the  lateral  prwMire  which  produced  the  foldn. 

In  pr.vioiiN  map  ol  the  re^jion  tho  four  Kuhdivi*.ions  of  the  sediments  overlying  tho 
iht'ct  of  nickel  eruptive  have  not  been  distinguished,  and  in  some  ca^oK  the  eonnlonierate, 
which  IS  ^clll^tose  in  many  phic.yi,  has  been  pln(ed  with  the  older  Iluroiiiau  sedimeul-., 
tho  lar«e  amount  of  mctamorphiKm  which  it  haB  underRono  near  the  Bcid  edge  of  tho 
eruptiie  Kiv">«  it  "  "'U'l'  '""rt'  am  leiil  appearance  than  the  other  sediments.  The 
widest  part  of  the  conglomerate,  south  ol  Gordon  hike,  was  formerly  included  with  th- 
»clii^fo.-e  edno  of  the  nickel  eruptive  in  the  Keneral  lluronian  color,  which  extended  u» 
a  band  from  (iordoti  lake  to  flu.  southwest  end  of  la  .  Wahiiapitae.  The  rest  of  tlie 
eonclomerate  wius  imliided  with  the  tulf  and  part  of  the  black  hlate  under  one  color, 
the  remainder  ol  the  slate  and  the  sandstone  having  a  separate  lolor  in  the  interior  of 
th"  basin.  Dntil  our  vork  of  mapping  the  aciil  edt^e  of  the  eruptiw  in  detail  was  rom- 
plete  It  was  not  known  that  the  coiiKlomerato  formed  a  continuous,  if  sometimes  narrow, 
liolt  i.mnd  the  other  sedimentary  nxks. 


I)f:Vr;i.OPMIENT    OF  THl:   NICKKI.  tW.l.D 

The  litrriitute  hearing  on  the  development  of  the  Siidliury  nii  kel  min(\s  hius  urowu 
to  he  very  voluminous.  Most  of  the  arti>les  will  he  found  referred  to  in  previous  reports 
of  the  Hurenii  of  Mines;  and  a  very  complete  resume  of  the  subject  with  its  literature 
will  l>e  found  in  Dr.  ItarlowV  report  of  \W\.i'  It  will  be  unnecessary  therefore  to  cover 
the  whole  of  the  ground  in  detail.  It  is  int.nded  to  give  here  a  brief,  but  fairly  com- 
plete, account  of  the  work  done  in  the  district,  drawinR  on  all  sources  of  information, 
indudinK  personal  acioiints  of  pi-ticipants  in  the  work,  not  hitherto  in  print.  ThouRh 
the  history  of  the  region  is  comparatively  short,  since  the  first  discovery  leading  to 
mininn  operations  was  made  in  1884,  there  are  doubtful  points  in  regard  to  it  and 
occaMoniil  coiilli.t.  between  the  ■lateni.Tls  .f  difTrretil  iiutlioritie-.  The  Moirces  -if 
information  will  bo  referred  to  as  the  chapter  progresses,  but  the  most  important 
authoritias  relied  on  are  Dr.  Bell,  Dr.  Barlow,  Dr.  Peters  and  Capt.  James  McArthur. 
Mwt  of  the  earlier  statements  are  contained  in  the  Report  of  the  Royal  Commission  on 
the  .Mineral  Resources  of  Ontario,  tho  .Vnnual  Reports  of  tho  Bureau  of  Mines,  and  the 
Reports  of  the  Geological  Survey  of  Canada. 

Though  nickel  and  copper  were  discovered  in  the  Sudbury  district  in  \So6  by 
Murray,  near  what  is  now  the  Creighton  mine,  no  importance  was  attached  to  thi» 
occurreneo  as  lonix  a»  the  re-iion  «».;  inac.e.Mble  l,v  raiUvav;  ami  the  lii-t  ,ry  of  miniiis: 
in  the  district  dates  from  the  c.mstruction  of  the  Canadian  Pacific  railway  in  1883,  when 
Dr.  Ilowey  found  the  deposit  since  called  the  Murray  mino.SJ  Early  in  the  next  year 
m  cuttinu  on  the  railway  opened  up  the  same  deposit,  and  in  the  same  year  numerous 
other  or,'  .leposjt.  were  found.  Mich  as  the  Stobie.  Coppt-r  Clilf.   Kv.ins  ai.U   Hie/ard  mines. 

SiOeol.   Bar.    Can..   1904.    Part    H.    pp.    147,   etc. 
S3  Ibid.,   pp.   23  and   24, 
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Tln'M-  pnipiTtiii  w.Tf  all  taken  up  fur  copprr,  tlu-  pvrrliDtitp  ticitia  lonltPtl  on  at,  of  no 
viiliK',  tliDii^h  it  was  MigROfited  by  S.'lwvn  ainl  other  gpologiita  th:it  ih"  ii.ineial  •omotinm 
rontaini'd  a  little  nickel. 

It  JH  KiirpriMriK  li.iw  many  cf  tin'  ni'.ro  inipurtant  ihiiuf.  witc  luiirul  within  the  firat 
year  or  two,  Imt  tlif  tnct  Ihnt  must  of  tlirrii  ».r<'  iiidn  aticl  hv  rnsiv  liilU  o(  K<>Ha>n  no 
doubt  accoiinta  for  Mio  cum:  witli  which  tlicy  wero  ilisrovcrcd  Kvcn  thp  CreiKhlon  mint, 
the  latcat  of  thr  lar^o  mines  to  he  operated,  »«•<  re  found  in  IHMJ.  It  i«  ktated  hy  Mr. 
Thomas  Kroo<l  that  the  land  "urveyor,  Mr.  .lolin  Mi  Ar,-  «li.i  Mirveyed  the  tonnship 
in  \HHi,  noted  the  hill  of  Kossan.  Mr.  Froml  examined  it  in  1885  for  other  puitien,  and 
in   1886  it  waa  acciired   by  the  Canadian  Copper  Company. 


I'r.  K.il'iH  ll''ll,  .\iliii^f  liin-.t.T  (ienluyii'al  Siirvi-y  ..f  C'ana.li,  nita«a,  Out.  lir.  r.ell'H 
liaiKT  on  till'  Mi'lKiiry  Mining'  I'iftriil  |iiilili>lieil  in  the  Keport  of  the  I  Mninvrii-al  SiirM-y  for 
IV.XM'l  iravf  the  reMiltH  of  three  >eaHoii-'  lahor  ill  tlie  lieM  by  hiliiwll  and  ii^.'-i.-laiit*.  It  »U8 
ai'c(iiii|ianii'il  liy  the  lii^t  i;eo|..^iiM|  map  of  ihi-  reLion 


The  work  of  indefatigable  prospectors,  such  as  Thomas  Frood,  Henry  Ranger,  Wil- 
liam McVittie,  A.  McCharles  and  others  deserves  appreciative  recognition  in  this  con- 
nection. It  is  a.stonishing  how  (iiiickly  and  accurately  they  grasped  the  important 
geological  relationships,  the  ass(xiation  of  ore  bodies  uith  the  diorite,  as  the  norite 
was  then  named.  It  may  be  doubted  if  many  ore  ileposits  of  value,  except  those  whifh 
have  no  outcrop  upon  the  surface,  have  escaped  their  keen  eyes. 

Recognition  must  also  be  made  of  the  great  a.ssistance  furnished  by  the  map  of  the 
region  published  by  the  GeoUjgical  Survey  in  connection  with  their  1890-91  Report.  This 
waa  ualuraiiy  dereciive  in  various  respects,  since  it  biiiiply  eiiiijodied  iiie  luut^h  lesuiis 
of  reconnaissance  work  in  a  wild,  bufih-covered  tract  of  rocky  and  swampy  country.  Drs. 
Bell   and  Barlow  with   their  a.ssistants   furnished  an   excellent   foundation   for  the  pros- 
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pector,  and  wherever  they  mapped  the  diorite,  tf:  •  ground  was  very  carefully  scanned, 
thus  aidinp;  in  the  rapid  development  of  the  country  from  the  mining  standpoint. 

Railways 

Until  there  were  means  of  communication  no  dovelopmont  of  mines  could  take  place, 
nuthing  more  impr;rtant  than  stripping  and  prospecting  operations  being  possible:  so  that 
the  development  of  tho  various  mines  was  dependent  on  the  building  of  branches  from  the 
now    Canadian    l':iriiic   raihvnv.    whidi    f'irl\iiiatily    int'r-pcted   the    region.      The    Sault 
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]>r.  i;.i«anl  l>  ]\Ur>-.  I  >..nli,->icr,  Ma.'^s,  hr.  rdci- 
is  a  well- k  111  lU  II  aut  111  irit  villi  iimilfrn  proresi-eHiil'  i'ii|i|K'r 
Miielliiij:.  am!  was  ui'iieial  iiiana^rer  nl  the  Canailian 
tii|i]i<r  Ciiiiipaiiy  Innii  .lime.  In-^s,  t.i  May,  ls9(i. 

branch,  running  ^outhH■cst  from  the  junction  at  .Sudbury,  was  easily  connected  with  the 
Copper  Cliff,  Evans  mine  and  other  adjacent  mines  by  shorv  switches.  The  Stobie  and 
Blezard  required  a  branch  five  miles  long  to  the  north;  and  a  short  spur  from  btobie 
provided  an  cutlet  for  the  Frood,  or  No.  3,  mine.  The  Murray  mine  was  already  on 
the  line  of  the  C.  P.  R.  and  required  only  a  .siding.  These  early  mines  were  easily  and 
cheaply  put  in  connection  with  the  railway;  but  before  the  Gertrude,  Creighton  a:  d 
North  Star  mines  could  he  operated  it  was  necessary  to  build  eleven  miles  of  expensi' e 
track  to  the  west  of  Sudbury,  so  that  their  development  had  to  await  the  construction 
of  a  part  of  the  Manitoulin  and  North  Shore  railway. 

The  northern  nickel  range  is  still  without  railway  connections,  and  so  eannot  develop 
beyond  the  exploration  stage. 

The  Canadian  Copper  Company 

The  history  of  the  development  of  the  Sudbury  nickel  region   is  very  largely  tlie 
hustory  of  the  operations  of  the  Canadian  Copper  Company,  and  one  naturally  takes  this 
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up  ftwt.  In  188.5,  before  the  company  »as  organized,  Mr.  S.  J.  Ritchie  was  interested 
in  the  region  and  employed  Mr.  John  D.  Evsne  to  survey  several  locations  containing 
copper  deposits.  The  Lady  Macdonald  mine,  now  mine  No.  4,  north  of  Lady  Macdon- 
ald  lake,  was  the  first  property  on  which  work  was  done ;  but  the  Evans  mine,  south  of 
what  is 'now  the  Sault  branch  of  the  Canadian  Pacific  railway,  near  Copper  Cliff,  was 
soon  after  opened  up.  Early  in  1886  the  Canadian  Copper  Company  was  organized, 
with  Mr.  Ashman  as  superintendent,  and  Mr.  Evans  as  engineer,  and  work  began  on 
the  Copper  Cliff  mine  in  lot  12,  con.  II,  of  McKim  township.  Mr.  Evana  states  that  a 
roa.l  was  cut  through  second  growth  woods  from  the  SauU  branch  to  the  mine,  which 
was  then  known  as  "The  Buttes."  On  the  20th  of  May  a  cutting  was  started  about  half 
way  up  the  slope,  and  as  soon  as  the  rock  was  reached  rich  ore  WM  exposed.       Then 


(.'apt.  .lames  MiArtliur,  for  iiiaiiv  years  t'eni-ral 

inaiianer  Caiiailiaii  (  oi.iht  ('niiipaiiy's 

STiieltiiiif  wurks,  ('ijp|)er  Cliff. 

another  horizontal  cutting  waa  made  near  the  bottom  of  the  slope  reaching  ore.  Quarry- 
ing of  ore  then  began  from  the  nearly  vertical  outcrop,  and  continued  uninterruptedly 
all  the  season,  and  3,000  tons  of  ore  were  shipped  at  one  time  to  New  York  for  treat- 
ment. Up  to  this  time  nickel  was  not  suspected,  but  in  the  treatment  of  this  large  lot 
of  ore  the  nickel  contents  were  discovered. 

The  first  ore  taken  from  the  Copper  Cliff  is  said  to  have  contained  15  to  20  per 
(cnt.  of  copper,  the  ore  havinp;  been  enriched  in  coppt.  above  the  water  level,  below 
which  it  gradually  ran  down  to  8  or  10  per  cent,  of  copper  and  nickel.  It  has  proved 
to  be  the  richest  in  copper  of  the  large  mines,  though  surpassed  in  percentage  of  nickel 
by  the  Creighton. 

Two  other  mines,  the  Stobie  and  the  Evans,  were  opened  up  later  in  1886,  and 
the  three  mines  supplied  most  of  the  ore  treated  by  the  company  until  1899,  when  the 
Evans  was  shut  down.  The  Evans  was  worked  mainly  as  an  open  pit,  and  with  the 
exception  of  two  idle  years  furnished  ore  from  the  beginning  of  operations  till  it  was 
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tlosed.  The  Stobie  mine,  six  miles  to  the  northeast,  in  lot  5,  con  I,  of  Blezard  township, 
was  much  the  largest  producer  in  the  district  until  the  openii.^  of  the  Creighton.  It 
was  worked,  with  tho  rxteptiin  ot  oni'  yc-ir.  from  1886  to  1901,  when  it  was  closed  down 
finally  after  producing  more  than  4(X),000  tons  of  ore.  It  was  worked  partly  in  open 
pits  and  partly  liy  under  ground  mining.  The  ore,  though  not  high  grade,  wrs  less 
mixed  with  rock  than  usual,  and  was  useful  in  fluxing  the  richer  hut  morL  silicious 
ores  of  the  other  two  mines,  since  it  consisted  largely  of  solid  sulphides. 

In  1808  (ui,  new  mines  hicnmc  prmlucprs.  No  I,  a  short  distance  southwest  of 
Copper  Cliff,  and  No.  2,  north  of  Copper  Cliff;  the  former  providing  rich  ore  for  a  yoar, 
and  the  latter  average  ore  in  much  large  quantity.  No.  2  has  been  worked  mainly  as 
an  open  pit,  the  opening  giving  a  vory  impressive  idea  of  the  size  and  shape  of  an  offset 


.lolni  11.  KvaUf",  Trentnn.  Out.  Mr,  Kvans  wa,-  the 
t'aiiadiaT]  ("pixT  Company'n  lirnt  I'Mfjinccr,  and  assiuli 
a.-siHli'.|  in  •i|M'nin;r  u|i  tin-  ('(ippi-r  Cliff  mini'  in  issii, 
:{,oiKJ  tniis.ii  iTf  !«•ill^r  shippcil  to  Now  York  for  trcat- 
niini  III  that  vi'ar  ;  he  hailrharpMif  (•onstnu-tinj.'tht' tirst 
f^iritltlrn;  Will  ks  for  that  t'oiii|iany  undiT  l)r,  K,  I't'ti-rs 
in  IsSs,  the  llrnt  ^ln|llll^nt  of  matte  Iwin^  ma  io  tliiTe- 
frniii  L'L'iid. March,  KSSit ;  and  was  ^'iMicral  iMana;.'i'r  i.f  the 
(■uii]|pany  Imiii  May,  1S!«),  tn.lunc,  IMIH, 

nrc  hndy,  hut  One  or  two  levels  have  heen  opened  up  honeath  the  bottom  cf  the  pit  by 
underground  mining.  When  the  Creighton  came  into  full  operation  in  1903  this  mine 
dosed  down. 

In  1899  and  two  following  years  mines  No.  4  and  5.  northwest  of  No.  2,  yielded 
«""(■  or«,  sn-j  in  19^-",  No.  •^,  a  ::ii!e  ^outliive^t  uf  the  Stubic,  often  Uriown  as  the  Frood 
mine,  began  to  supply  considerable  quantities  of  ore  containing  some  intermixed  rock, 
making  it  a  useful  fluT  for  the  solid  pyrrhotite  and  chalcopyrito  of  the  Creighton  mine. 
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In  a  year  or  two  it  aho  was  closed  down.  The  ore  from  the  Frood  and  Stobie  mines  was 
brought  by  rail  to  Copper  Cliff,  where  it  was  mixed  with  the  ore  of  other  mines  on  the 
roast  heaps. 

In  1900  the  great  Creighton  mine,  six  miles  west  of  Copper  Cliff,  was  stripped,  and 
in  the  following  year  began  to  ship  ore  via  the  Manitoulin  and  .North  Shore  railway  to 
Copper  Cliff.  As  the  deposit  is  immense  and  can  be  worked  cheaply  as  an  open  pit, 
while  the  ore  averages  higher  in  grade  than  any  other  in  the  district  except  the  Copper 
Cliff,  this  mine  has  supplied  almost  the  whole  requirements  of  the  company  f'  r  the  last 
three  years  and  the  other  mines  have  practically  ceased  operations.  In  spite  ot  the 
richness  of  the  Copper  Cliff,  which  has  produced  some  ore  very  high  in  nickel  from  its 
deepest  workings,  it  has  been  closed  down  after  reaching  a   lepth  ..f  more  than  1,000  feet. 


.\.  E.  Harlow,  of  the  (ieolivicnl  (^urvi  y  ul"  Canada. 
r)r.  I'.arlowV  Ueport  «n  the  Nickel  andCop|>er  I)e|...t<itH 
<if  the  .■^iidlnirv  Miiiinj:  District,  |Uit)liHliid  in  I'.ttM  a.- 
I'art  II  of  the  liedlo^ica'.  SurvevH  Koiirlecnih  annual 
v.ihiiiie  ir^  a  lull  and  adc'iuate  treatiiiem  of  the  subject. 

During  the  summer  of  1904  the  Creighton  produced  about  18,000  tons  of  ore  per 
month,  and  in  total  amount  of  ore  it  al—idy  far  surpasses  any  other  mine  in  the  district 
or  in  the  world.  The  closing  of  all  the  other  mines  is  stated  to  be  due  to  the  ease  of 
mining  and  richness  of  the  Creighton,  not  to  exhaustion  of  the  ore  bodies.  If  the 
Creighton  becomes  worked  ovit  in  the  proce>s  of  years,  there  are  supposed  to  be  large 
reserves  of  ore  still  left  in  some  of  the  other  mines. 

SMELTINO  OPERATIONS 

The  first  smelting  works  was  becun  in  .lulv  18S>^,  Mndcr  the  directiin  of  the  well 
known  metallurgist.  Dr.  Teters.  Mr.  James  McArthur  and  Mr.  J.  D.^Evans  being  bit 
assistants;  and  the  furnace  was  blown  in  on  the  'ZiaU  of  December,  liiio  was  the  east 
smelter,  which  has  now  been  ot;t  of  operation  for  several  years.  The  first  shipment  of 
matte  was  made  on  the  22nd  March  1889. 
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In  1890  Dr.  I'oIcts  wi>^  siRCfi'dcJ  tm  manaRiT  liy  Mr.  WcxKilmry,  who  retained  the 
office  only  three  months,  whi-n  Mr.  Kvans  was  appointed  manaccr  and  continued  in  that 
position  till  the  end  of  June  189.1.  A  br.ssfnicr  plant  was  commenced  in  1891,  and 
complrtcd  in  January  189- 

Mr.  Jamos  McArthur  succeeded  Mr.  Kvaiis  a.s  manager  in  189.1,  and  continued  in 
that  position  until  VM2.  During  his  regime  the  w»t  smelter  wis  erected  near  No.  2 
mine  in  1899,  aiui  the  old,  or  east,  smelter  about  three  years  later  suspended  operations. 
In  1900  a  new  method  of  (hanging  the  low  to  high-grade  matte  was  adopted,  and  the 
Orford  Copper  Company  put  up  the  Ontario  Smelting  works,  a  short  distance  Bouth- 
west  of  th^  topper  Cliff  mine.  In  this  p'mt  the  lo»-gr.ide  mat'e  wa.s  roasted  in  Browu 
calciners,  and  then  smelted  a  second  tifi..  in  a  wa^or  juket  futrn'e.  ,  liringing  a  30  por 
cent,  mitte  to  one  averaging  7.5  per  cent,  of  nickel  and  copper,  corresponding  nearly 
to  the  tornicr  bes«emer  matte. 

Ill  .\pril  19(i2,  the  {'aiiiulian  Copper  Cnmp.Tiiy  passed  under  ilie  contrnl  ot  the 
International  Nickel  Company,  organized  to  take  over  this  and  a  number  of  other 
companies.  Mr.  A.  V.  Turner  wa.s  made  president  of  the  Canadian  Copper  Company, 
and  .Mr.  .John  I.awsou,  s\iperiiitondent. 


.\    I'.  TiirniT.  I '..|i|.ef  Cliff,  |i!esi.leiit  Caiia.li.ni 
('.i|.|'er  ('.iiii|iariy. 

The  second  annual  report  of  thi.s  company  describeis  it  as  a  ion..olidation  of  mines 
Slid  smellers  ill  I  he  I'liited  States  Canada.  Ciea»  liritain  and  .N'lw  (  aledoiiia,  including 
the  Canadian  Copper  Company,  Orford  Copper  Company,  Anglo-.Ainerican  Iron  Company 
Vermilion  Mining  Company,  American  Nickel  Werks,  Niikel  Corporation,  Limited  and 
the  Societe  Miiiiero  Caledonienne.  According  to  its  statement  of  capital  account  in 
1904  "the  total  assets  of  the  company  were  $30,896,167,  divided  as  follows;  Property 
of  constituent  companies.  i^'Jfi. 86-4. 27.5 ;  Ray  ("upper  mine.  ?40.0<.K) ;  advances  t.n  Nctt 
Caledonia  companies,  $.i48,3(J3;  inventories,  $2,827,774;  cash  and  accounts,  $815,755; 
total  assets,  $30,896,167;  common  stock,  $8,912,626;  preferred  stock,  $8.C12,C26;  stock 
of  constituent  companies,  $55,643;  first  mortgage  5  per  cent,  bonds,  $10,221,836;  loans, 
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•ccounts,  etc.,  $1,617,476;  depreciation  fund,  $412,709;  surplus  account,  $763,251  ;  total, 
$30,896,167.  The  income  account  for  the  year  shows  the  folowing  receipts:  Earnings 
from  constituent  companies,  $936,471  ;  other  income,  $29,754.  Charges  were:  For  gen- 
oral  expenses,  $112.18.5;  intorest,  $.M2,938;  total,  $62.5,123.  The  not  lialance  carried  to 
surplus  account  amounted  to  $341, 102. "s* 

Following  the  combination  just  mentioned  many  changes  took  place  iu  the  work 
of  the  company.  Mining  was  gradually  limited  to  the  Creighton  mine,  and  experiments 
were  made  in  regard  to  new  methods  of  treating  the  ore,  such  as  pyritic  smelting  in 
place  of  roasting  the  ore  before  smelting.  Many  improvements  were  made  in  the  town 
of  Copper  Cliff,  and  the  removal  of  most  of  the  roast  beds  from  the  vicinity  of  the 
tdun  to  a  swamp  behind  the  hills  to  the  north  permitted  to  some  extent  the  growth 
of  vegetation,  bo  that  the  town  was  once  more  in  sight  of  grass  and  green  trees. 

It  was  decided  to  build  a  new  smelter  on  much  improved  and  extended  plans  half 
a  mile  to  the  east  of  the  west  smelter,  and  the  work  was  brought  to  completion  in  the 
fall  of  1904.  Meantime  both  the  Ontario  Smelting  works  and  the  west  amelter  were 
burned,  hampering  operations  for  the  time.  After  this  the  low-grade  matte  was  shipped 
to  Victoria  mines,  whose  smelter  had  been  leased  for  six  months  from  the  Mond  com- 
pany, and  there  bessemerized,  pending  the  completion  of  the  converter  plant  of  the  new 
smelter.  The  two  5o0-ton  furnaces  of  the  new  smelter  are  far  larger  than  those  of 
the  old  ones,  and  it  is  expected  that  they  will  permit  an  approach  to  pyritic  smelting, 
so  that  a  smaller  proportion  of  the  ore  w  I    'equire  roasting  than  formerly. 

The  new  works  are  very  advantageously  placed  on  a  hill  side,  so  that  all  or©  and 
supplies  may  come  in  by  rail  at  a  high  level,  while  tracks  at  tlie  level  of  the  valley 
below  take  charge  of  matte  and  slag,  giving  plenty  of  opportunity  for  disposing  of  the 
latter  without  clogging  up  the  immediate  surroundings  of  the  smelter. 

The  company  is  now  developing  a  large  water  power  on  Spanish  river  with  which 
to  supply  electric  power  for  all  purposes  at  the  smelter,  thus  saving  fuel  for  steam, 
which  is  very  expenfiive  in  the  Sudbury  region. 

After  a  long  period  of  conservative  but  prosperous  work  in  the  past,  the  company 
under  new  and  progressive  management  is  making  fresh  departures  in  various  directions; 
and  it  is  to  be  hoped  that  the  new  methods  will  prove  even  more  successful  than  the  old. 


H.  M.  Vivian  and  Company 

Although  the  Murray  mine  was  discovered  before  the  Copper  Cliff  and  Stobie  mines, 
it  was  not  worked  until  it  passed  into  the  hands  of  the  famous  Welsh  metallurgical 
company,  the  Vivians,  who  began  to  develop  it  in  1889.  With  one  or  two  short  inter- 
ruptions it  wafi  worked  until  1894.  In  1890  the  first  blast  furnace  was  blown  in,  and 
the  ore  was  treated  in  the  usual  way,  by  roasting  in  heaps,  smelting  in  water-jacketed 
furnaces  to  a  low-grade  matte,  and  bessemerizing  this  to  a  high-grade  matte.  The 
Manho  cmvertrr  was  first  used  in  the  concentration  of  nickel  matte  at  the  Murray 
smrlter.  The  '.nw-grado  matte  is  said  to  have  contained  only  9.4  per  cent  of  nickel 
and  4.7  per  cent  of  copper,  giving  cleaner  slags  than  by  the  Copper  Cliff  method,  which 
produced  matte  containing  about  30  or  3-5  per  jcent.  of  the  two  metals.  The  bcssemer 
matte  at  the  Murray  reached  nearly  the  same  grade  as  that  of  the  Copper  Cliff,  running 
from  70  to  75  per  cent,  of  the  two  metals.  The  high-grade  matte  was  shipped  to 
Swansea  for  final  treatment. 

Since  1894  the  mine  has  remained  closed  down,  but  5,000  or  6,000  tons  of  roasted 
ore  were  smelted  in  1896,  the  matte  being  sent  to  the  Whartons  of  New  Jersey. 

The  ore  is  said  to  have  contained  3-5  per  cent,  of  iron,  23  per  cent,  of  sulphur,  2 
per  cent,  of  nickel,  i'l  -,  per  cent,  of  mppei ,  and  Arniut  4;;  prr  cent,  of  matrix.  Tnc 
pure  sulphides  averaged  3.6  to  3.75  of  nickel  and  nearly  half  as  much  copper. 


I 


5  4  Mineral   Indnitry.   1903,  p.   276, 
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tSinco  then  thu  uiily  work  dune  lias  betii  txploratory  liy  dianionU  drilling  at  tbe 
Murray  iiiiiio  and  alsu  at  the  Lady  Viuli't  mine,  on  ttio  north  halt  of  lot  1,  con.  IV, 
of  Snidir,  about  a  iiulo  and  a  halt  bouthnwt  of  the  .Murray  inino. 

The  Untariu  Government  drill  was  tu>ed  toward  the  end  of  Id'JS  and  the  first  half 
of  IHiW,  but  no  delinite  statement  has  lieiii  made  as  to  the  rr'<iults.^4 

Though  the  Murray  mine  was  not  une  of  tlje  rii  best,  it  is  probable  that  competent 
local  management  would  have  given  better  results  than  were  obtained  by  mnnngenient 
from  Kngland ;  and  the  tailnre  and  witiidruual  Irom  the  region  of  so  well  known  a 
firm  does  not  necessarily  condemn  the  mining  district. 

Dominion  Mining;  Company 

The  Dominion  Mining  Company  owned  and  worked  for  some  time  the  Dlezard  mine, 
a  mile  north  of  the  Stobie,  i  lot  l,  eon.  II,  Dlezard  township,  and  the  Worthington 
mint'  at  the  station  of  trie  ^aiue  name  on  tlie  Sauh  br.iiM  Ii  .tlMMit  -■"»  inilf..  wr^t  'it 
Sudbury.  The  tnrnier  mine  was  opened  up  in  1889,  and  in  the  following  year  the 
Incpector  of  .Mines  states  that  "jII.ikx)  tons  of  ore  had  been  rais'cl.  .\  smelter  was  con- 
structed and  the  ore,  after  beiiij;  roasted  in  heaps,  was  »melted  in  Herreshotl  furnaces 
to  a  matte  averaging  '.'"  p^r  leiit.  nickel  and  121  P^r  cent,  copper,  which  was  marketed 
without  bes.scmerizing.  The  ore  ficuu  the  Wortliiii^ton  mine  which  was  opened  shortly 
after  was  partly  rich  enouuli  in  ni(kel  to  be  fchipped  direct  to  market,  while  tbe  rest 
was  smelted  with  the  Ulezanl  ores.     In  18'J3  the  mines  were  shut  down. 

Mr.  Robert  MtBride,  who  was  in  charge  of  the  lllezard  mine  in  1892,  says  that  for 
about  a  year  and  a  half  under  his  management  the  mine  produced  3,000  tons  of  ore 
per  month,  but  he  wa.s  unable  to  estimate  the  amount  raised  betore  that.  However, 
it  seems  probable  that  more  than  100,000  tons  had  been  rai.'^ed  before  the  mine  was 
closed.  The  ore  is  said  to  have  contained  •">  to  7  per  cent,  of  nickel  and  copper,  the 
nickel  being  more  than  double  the  copper  in  amount,  and  apparently  rivalling  that 
of  the  Creighton  in  richness.  Very  littlo  ore  is  left  on  the  rock  dump,  showing  that 
the  work  was  done  with  unusual  care. 

The  smelter  treated  not  only  the  ore  from  the  Blezard,  but  also  that  from  Worth- 
ington, which  began  work  in  1890,  and  continued  to  produce  ore  till  September,  1894. 
Sinco  then  the  mine  has  been  shut  down.  The  Worthington  has  produced  the  richest 
nickel  ore  in  the  district,  running  from  8  per  cent,  upwards;  and  specimens  of  nickelite 
occurrinj;  there  reach  4.'3  or  41  per  cent,  of  nickel.  The  total  anicunt  of  ore  inined  is, 
however,  small,  being  estimated  at  only  2.5,000  tons. 

Mond  Nickel  Company 

Dr.  Ludwig  Mond  is  known  as  the  inventor  of  the  carbon-monoxide  method  of 
refining  nickel  by  volatilizing  it  in  connection  with  this  gas,  and  then  depositing  it 
again  hy  suitable  changes  of  temperature.  Having  found  a  method  of  refining  the 
metal,  he  became  interested  in  obtaining  a  deposit  of  the  ore,  and  in  1899  bought  the 
McConnell  mine  on  the  north  half  of  lot  8,  con.  IV,  of  Dcnison  township,  about  three 
miles  northeast  of  Worthington. 

The  smelting  works  were  located  two  miles  south  at  what  is  now  Victoria  Mines 
station,  on  the  Sanlt  branih.  The  ore  is  transported  11.000  feet  by  an  aerial  tramway 
from  the  mine  to  the  smelter,  and  mine  and  smelter  are  under  the  management  of 
Mr.  H.  W.  Hixon.  At  first  the  ore  was  roasted  near  the  village  on  the  railway,  but 
later  the  roast  beds  were  removed  to  a  point  about  half  way  to  the  mine,  and  the 
vegetation,  partly  destroyed  near  the  village,  is  reviving  again. 

Until  the  completion  of  the  new  Copper  Ciitf  smelter,  the  plant  at  Victoria  Mines 
was  the  most  modern  and  complete  in  the  district. 

!4Biir.   Mines,  1901,  p.  56. 
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The  roasted  ore  b*  siiiflted  in  iinuli  tlio  usual  way  to  a  lourtiiiulo  matte,  which  !< 
run  into  bessemer  conveiters  and  blown  until  a  matte  .  f  about  80  pir  cent,  of  nickel 
and  copper  is  produced.  This  is  shipped  to  the  Mond  nicKvl  refinery  at  Clydach,  Wales. 
It  is  said  that  difficulties  arose  in  the  r.finii,..;  pioi.-^  ,it  tirst.  so  that  the  works  it 
Clydach.  were  unable  to  refine  the  matte  as  fast  as  it  «a~  prodiued  ri  Victoria  mines. 
The  mine  and  smelter  wire  shut  down,  probahly  on  this  account,  in  December  1902, 
and  were  not  in  operation,  except  for    i  few  months  in   tho  summer  of   1903.   until  the 

latter  end  of  1904.     It  is  believed  that  (lie  ditliculties  hav.'  1 n  overcome,   so  that  the 

work  (f  the  mine  and  the  smelter  m;\v  now  c"  ""  continuoMsly. 


I'r.    I.ud\vi>.'    Monil,    Ij.iiiIom,   Knit..     I'resiileiit    Mond 
Nickel    ('oiH|>;iii\'   aihl   iuxeiilor  nt  thei  arl)on  luoimxiile 
iiielliod  ot  ri'liiunt:  iiiikel. 

In  1902  the  Mond  company  took  an  option  on  the  North  Star,  or  McCharles  mine, 
on  lot  9,  cons.  II  and  III,  of  Snider  township,  and  also  on  the  Little  Stobie,  two  miles 
west  of  Blezard  mine;  and  the  ore  from  those  mines  wa,s  shipped  to  Victoria  mines 
for  treatment.  Mining  operations  have  been  continued  on  the  North  Star,  which 
seems  to  have  developed  into  a  good  nine,  but  work  was  not  long  continued  on  the 
liittle  Stobie. 

Lake  Superior  Power  Company 

The  Lake  Superior  Power  Company  opened  up  two  mine.s  on  the  main  nickel  range, 
the  Gertrude  about  two  miles  west  of  the  C'eiehton,  and  the  KIsie  just  west  of  the 
Murray  mine.  Their  work  began  in  1899  with  the  Gertrude  mine,  which  at  that  time 
showed  pyrrhotite  with  very  little  chalcnpyrite ;  and  it  was  intended  to  use  this  ore 
for  the  production  of  the  sulphur  dioxide  required  in  making  sulphite  pulp  at  Sault 
Stn,  Marie:  the  roasted  ore  being  afterwards  electrically  smelted  to  ferro-nickel.  A 
considerable  amount  of  copper  pyrites  was  encountered  later,  and  most  of  the  ore  of 
the  Gertrude  and  also  of  the  Elsie  had  to  be  treated  according  to  the  methods  usual 
in  the  district. 
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Koust  beds  were  prepared  at  Gertrude,  where  the  ore  from  El«ie  mine  was  treated* 
alfcu ;   and   the  roasted  ore  was  meli.ed  to  matte  in  water-jacketed   furnaces. 

The  Klhie  mine  produced  more  than  S'i.lXX)  tons  of  ore  and  the  Gertrude  16,000, 
but  all  work  on  the  mines  and  smelter  coa.>>ed  at  the  time  when  the  company  collapsed 
early  in  the  Bummcr  of  I'JOi,  The  matte  w&s  stored  at  the  smelter,  and  methods  of 
rt-fining  it  have  yet  to  be  devised.  A  long  series  ot  experiments  in  the  refining  of  nickel, 
(  Ik  troljticttliy  und  otherwise,  was  made  at  the  company's  works  at  Sault  Ste.  Marie, 
apparently  without  finding  a  satisfactory  process. 

Other  Companies 

In  addition  to  the  companies  whose  hi.story  has  just  been  sketched  a  number  if 
ventures  in  minir^  and  treating  nickel  ore  have  been  made  in  the  Sudbury  district; 
I  none  have  proved  succesful,  and  few  of  them  were  of  much  importance.  The 
Drury  .Nickel  Cornpiiny,  having  i)uriha^(d  tho  Travers  or  ChicaRO  mine,  on  lot 
3.  con.  V,  Drury  township,  did  some  mining  in  1891,  and  roasted  and  smelted  some 
thousands  of  ton*  of  ore  in  that  year  and  in  18'JO.  The  mat  was  carried  by  a  ono- 
r:iil  Mvorlirad  tramway  to  Worthington  station,  seven  miles  aft.iV,  to  be  shipped  to  the 
United  States;  but  in  1897  the  work  was  finally  closed  down. 

At  several  other  mines  shafts  have  been  Bunk  and  considerable  development  work 
done,  but  none  of  them  have  raised  any  large  amount  of  ore;  nor  have  any  of  them 
operated  smelters.  References  to  them  will  be  found  in  Dr.  Barlow's  very  complete 
history  of  the  development  of  the  region  ;sj  so   that   details   need  not   be   given   here. 

Twl  .attempts  at  novel  methods  of  smelting  and  refining  the  ores  should  perhaps  be 
mentioned.  The  Great  Lakes  Copper  Company  made  an  experiment  of  this  kind  at 
the  Mount  Nickel  mine,  on  lots  5  and  6,  con.  II,  of  Blez^ird,  between  the  Little  Stobie 
and  Dlozard  mines.  The  mine  is  stated  to  be  well  supplied  with  ore  but  the  smelting 
works,  planned  by  Anton  Graf,  of  Vienna,  were  a  failure,  and  work  soon  ceased.  The 
Hoepfncr  Refining  Company  of  Hamilton,  undertook  the  electrolytic  refining  of  nickel 
and  copper  in  1899,  and  constructed  works  just  west  of  Worthington ;  but  the  process 
w.is  unsuccessful,  and  a  later  attempt  by  Mr.  Hans  A.  Frasch  was  likewise  a  failure; 
so  that  operations  ended  in  1901. 

Some  mention  should  be  made  of  Mr.  Edison's  persistent  endeavors  to  locate  nickel 
properties  in  the  region  by  dip  needle  methods.  Mr.  Edison's  invention  of  what  is 
stated  to  bo  an  exceedingly  light  and  efficient  storage  battery  in  which  nickel  playi 
a  large  part  gave  the  incentive  for  the  exploration.  Three  season's  work  covered  most 
of  the  likely  spots,  where  swamps  or  drift  covered  the  ranges,  and  therefore  where 
ordinary  prospecting  methods  must  fail  of  success;  but  the  results  have  been  negative. 
Several  test  pits  and  diamond  drill  holes  have  Letj  sunk  at  points  where  there  were 
notable  disturbances  of  the  dip  needle,  but  no  ore  of  importance  was  discovered. 
Similar  work,  but  with  more  delicate  instruments,  has  been  carried  on  by  the  Mond 
and  Lake  Superior  Power  companies,  in  the  first  case  by  the  well-trained  Swedish 
engineer,  Mr.  Erik  Nystrom ;  but  the  results  leave  doubts  as  to  the  value  of  this 
method  of  prospecting  for  pyrrhotite,  though  it  is  of  great  value  in  exploring  for  mag- 
netic iron  ore.  The  methods  are  described  in  detail  and  in  a  thoroughly  >:rientific  way 
by  Dr.  Eugene  Haanel  in  a  report  on  the  "Location  and  Examination  of  Magnetic  Ore 
Deposits  by  Magnetomctric  Measurements,"  issued  by  the  Department  of  the  Interior, 
Ottawa. 

At  the  present  time  only  two  companies  are  actually  at  work,  the  Canadian  Copper 

Company  and  the  Mond  Company.     Both  seem  to  be  firmly  established  with  good  mines 

alid   Sati-f:it*;-ry    iiiOlirrJi   m    :;!nL-'iir;;;    and    rc.'ining   the    ore,   so    that,    the    fuluio  buould 

be  prosperous.     Most  of  the  companies  which  have  failed  did  so  because  of  lack  of  capital 

55  0,8.0.  Vol.  XIV,  Part  H.  pp.  34-18. 
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or  of  experience,  or  because  they  had  no  well  worked  out  iiit-thod  of  refining  the  matte. 
The  Amettins  of  roasted  ore  to  make  standard  matte  and  the  treatment  of  this  matte 
en  bessemer  converters,  so  as  to  raise  its  contents  of  nickel  and  copper  to  70  or  80  per 
cent.,  is  comparatively  simple;  the  real  difficulty  comes  in  the  refining  of  the  bessemer 
matt«,  and  up  to  the  present  only  two  processes  seem  to  be  successful  on  the  large 
scale,  and  both  are  in  the  hands  of  companies  which  have  their  own  supplies  of  ore. 
Tliorc  iippi'ars  to  be  no  market  open  for  even  the  biKh  urado  Mi.itte,  though  the  metal 
is  in  demand. 

Of  the  two  companies  at  work  in  the  Sudbury  district  the  Canadian  Copper  Com- 
pany has  much  the  largest  holdings  of  nickel  properties,  including  the  greatest  nickel 
mine  in  the  world,  the  Creighton  mine.  There  are  still  numbers  of  nickel  deposita  in 
the  region  in  other  hands,  some  of  them  large  and  promising;  but  the  possession  of  the 
Creighton  mine  gives  the  Canadian  Copper  Company  a  distinct  advantage  over  its 
poasible  rivals,  since  at  present  there  is  no  prospect  that  any  other  deposit  will  equal 
that  famous  mine. 

It  ia  natural  that  the  Canadian  Copper  Company  should  have  aroused  some  hos- 
tility and  jealousy  in  its  long  and  successful  career ;  but  it  is  only  fair  to  add  that  its 
steady  persistence  in  developing  the  nickel  resources  of  the  region  has  been  the  main- 
stay of  mining  in  the  Province  of  Ontario  for  a  number  of  years,  and  a  fair  reward 
should  be  reaped  for  its  constancy  in  going  on  with  its  work  under  discouraging  con- 
ditions in  its  earlier  yean. 


Other  Nickel  Regions 

Nickel  is  a  widely  spread  metal,  but  very  few  regions  contain  its  ores  in  quantities 
that  can  be  profitably  mined.  Outside  of  the  deponits  connected  with  the  great  eruptive 
sheet  which  has  been  described  in  earlier  pages,  pyrrhotite  with  some  nickel  has  been 
reported  from  many  ether  points  in  northern  Ontario,  especially  at  the  east  and  south 
west  of  the  main  nickel  region.  Numerous  small  deposits  of  pyrrhotite  occur  near 
Nairn  Centre,  southwest  of  Worthington,  and  a  small  amount  of  work  in  the  way  of 
stripping  has  been  done  upon  some  of  them,  without  important  results;  though  ore 
containing  1.05  of  nickel  is  reported  from  lots  1  and  2,  con.  Ill,  of  Nairn.  The 
deposits  here  and  in  Lome  may  really  bo  connected  with  the  Worthington  o£Eset,  though 
the  ore  found  in  them  is  much  lower  in  nickel. 

To  the  east  of  the  nickel  eruptive,  northeast  of  lake  Wahnapitae,  several  locations 
-ore  taken  up  years  ago  for  nickel.  Ore  from  Boucher's  mine  gave  1.57  per  cent,  of 
nickel,  or  2.1  per  cent.,  if  pyrrhotite  free  from  gangue  be  taken.  Similar  small  bodies 
of  pyrrhotite  occur  south  of  Ramsay  lake.  All  these  deposits  have  a  possible  connection 
with  the  main  nickel  eruptive,  but  all  are  small  in  size  and  low  in  grade. 

Much  larger  masses  of  pyrrhotite  have  been  found  in  other  parts  of  northern  Ontario, 
as  between  lake  Temagami  and  Net  lake,  but  of  too  low  a  grade  to  be  of  importance.]' 

Much  more  promising  are  the  extraordinary  deposits  of  native  silver,  cobalt  and 
nickel  ores  of  Coleman  township  near  lake  Temiskaming,  where  considerable  quantities 
of  one  of  the  richest  ores  of  nickel  occur.  Mixed  with  smaltite  one  finds  large  masses  of 
nickelite;  so  that  nickel  is  one  of  the  valuable  ingredients  of  the  ore,  though  cobalt 
and  silver  are  of  much  more  importance.  Unless  much  larger  deposits  of  this  ore  are 
found,  the  Temiskaming  mines  will  not  prove  serious  competitors  of  the  Sudbury  region 
as  nickel  producers.  Detailed  accounts  of  these  remarkable  deposits  are  given  by  Prof. 
W.  G.  Miller  in  this  and  former  reports  of  the  Bureau  of  Mines. 57 

Nickel  ores  have  been  reported  from  many  other  parts  of  Canada,  especially 
British  Columbia  and  New  Brunswick.    Near  Ht.  tstephen  in  the  latter  province  pyrrho- 


57  Bar.   UlnM,  1904,   pp.  96-101. 
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titu  with  a  littlu  copper  pyriUw  in  fuunU  in  masMts  oi  ^abbru  cuttint;  slato,  the  amount 
b«iti){  coii.iidirulili' ;  Imt  tht<  uro  contains  only  from  .'J'2  to  2.6'i2  nickel,  with  some  cobalt 
and  copper,  so  that  the  ore  is  low  as  cuuiparcd  witli  Budbur;  orea.s* 

Ur.  Uurliiw  mentions  numerous  other  localitiea  in  Canada  where  trilling  amount* 
of  ni(  k<  I  ore  have  bi'on  found,  usually  much  lower  in  nickel  than  the  Sudbury  ore,  and 
none  of  them  likely  to  be  of  practical  importance. 5?  With  his  \  i  ry  complete  account 
thcrti  are  tabloH  .shuwiiig  the  robults  of  a  large  number  of  assays  of  such  ores,  made  in 
Dr.  UoUman'a  laboratory  at  Ottawa. 

LMTKI)  STATHS  NICKEL  DEPOSITS 

The  first  nii  kcl  producid  in  America  was  obtained  in  18C3  from  the  Gap  mine 
in  Lancaster  county,  Pennsylvania;  and  it  has  a  special  interest  to  Canadians,  since 
the  methods  adopted  by  Joseph  Wharton  in  refining  the  metal  were  later  of  importance 
in  the  treatment  of  our  own  ores.  The  mine  contained  mainly  pyrrhotite  and  chalco- 
pyrite,  and,  like  the  Sudbury  depoaita,  was  first  taken  up  for  its  copper  ore,  the  nickel 
contents  of  the  ore  being  discovered  later.  It  is  assiK-iated  with  an  eruptive  mass  of  a 
much  more  basic  kind  than  the  Sudbury  norite,  and  like  the  Sudbury  ore  posita, 
was  probably  dun  to  magmatic  sogreKation.  Tho  ore  wns  of  iinich  lower  ^riuli'  ,.im  th.- 
Canadian,  yet  for  a  number  of  years  it  was  tho  most  important  nickel  mine  in  America. 
After  running  from  1863  to  1891  it  was  finally  closed  down  in  the  latter  year.«o 

Nickel  ores  of  an  entirely  different  type,  resembling  those  of  New  Caledonia,  have 
been  f  jund  in  Oregon  and  North  Carolina.  Tho  Oregon  deposits,  in  Douglas  county, 
are  ir.-egular  masses  of  hydrated  silicates  of  nickel  and  magnesia  in  serpentine,  formed 
by  the  alteration  of  peridotites  or  related  rocks.  The  ore  occurs  as  loose  boulders  on 
the  surface  and  in  vcinlets  in  the  serpentine,  but,  up  to  the  present,  no  ore  bodies  of 
workable  dimensions  have  been  found.  In  North  Carolina,  the  relationships  are  similar, 
and  the  pale  green  mineral  genthite,  a  hydrous  silicate  of  nickel  and  magnesia  was 
discovered  there.     No  ore  of  importance  has  been  mined,  however. 

A  small  quantity  of  nickel  occurs  with  the  lead  ores  of  Mine  la  Motte  in  Missouri; 
and  the  metal  is  recovered  as  a  by-product  in  the  treatment  of  tho  ores.  In  1903  the 
United  States  is  reported  to  have  produced  from  domestic  ores  "i?  tons  of  nickel, 
apparently  from  this  mine. 

Though  tho  United  States  has  dropped  out  of  the  race  as  a  producer  of  nickel  ore, 
it  is  still  one  of  the  most  important  countries  for  the  refining  and  utilization  of  the 
metal  nickel;  much  the  greater  part  of  the  Canadian  matte  being  treated  at  Constable 
Hook,  New  Jersey. 

EUROPKAN  NICKEL  DEPOSITS 

Tho  mital  nickel  wns  first  profiuced  in  any  quantity  at  Schnoebers  in  Saxony;  and 
ever  since  the  discovery  of  the  metal  a  small  amount  of  nickel  and  cobalt  has  been 
obtained  at  tlip  Freiberg  snieltrrs  as  n  hy-prn.liut  in  tlie  tre.itniont  of  silvrr-Iead  ores. 
A  little  has  been  produced  also  from  tho  deposits  of  Vnrallo.  in  Piedmont,  Italy,  whero 
the  ore  is  pyrrhotite,  which  occurs  with  basic  eruptive  rocks,  as  in  so  many  other  places. 
In  Au.strian  Siltwia  nickel  is  extracted  from  a  silicate  forming  veins  in  serpentine, 
resembling  the  Now  Caledonian  deposits;  but  tho  amount  is  small  «■ 

At  Schaud  on  the  Spree  in  Germany  comparatively  rich  ore,  with  5. .52  to  6  per 
cent,   rf  nirkol   and  n  little  cobalt   and  c.ppor,   is  f.>,iiiil   Ixvid,.  a  dike  nf  diahjM -;;at,hro 

''Pv^j'^'t.^'""™'^*''-    '""■    PP-    '5«-9:   also    1904.    Part  H.    p.    151-3. 
I904.*°Part"H.  °p*   irtS"   ^'^'   *'"'    °'"'-  "•   *^^'-  *"''     °*°'-   ^'"■-    ^•'"'-    ''*"•  ^^^-    '580;    fl.8.0. 
men't'i^ed.'*'"**  ^  ""^  "'  ""*  '°''*""*'  »"■•   «•»»"    by    Dr.   Barlow   in    the   report  previonily 
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(protfroliHsi-);  but  Botk,  who  d»'icril>ei  it,  tliinltB  tho  deposit  wax  not  forriu><l  hy  svn- 
riui'tion  liiit  by  Bxconiliiit;  watira  "'-•  object*  also  to  Volt's  theory  reKanliiiK  Sudbury 
and  NcirW(niaii  ores  However,  i>  lusioiis  dr:i«  ii  Irmn  'he  "uiill  (lepo-.il-,  he  refem  to 
should  haidy  overturn  those  formed  from  tiioro  timiierous  i»ii  1  larger  deposits  iKewhere.^' 
Hcandinavia  Hm  hitherto  proved  much  the  mofit  important  niciiet  mininK  region 
in  Europe,  and  before  the  importaticu  of  New  Caledonia  ()re->  iiii>i,t  of  the  world's  nickel 
came  from  the  mines  of  Norway  and  Hweden.  Hince  1894  tbeae  countries  have  fallen  off 
greatly  in  their  output  of  tho  metal,  however,  and  during  some  years  nickel  mining 
ceased  altogether.  The  Scandinavin;  deposits  aro  of  pyrrhL.ite,  like  our  own,  and  tre 
associated  with  gabbro  or  norit<-.  but  of  a  more  basic  type  than  the  Sudbury  norite. 
They  have  a  special  interest  to  students  of  the  Canadian  region,  since  the  true  theory 
of  the  relationship  of  ore  to  rock  was  worked  out  first  in  Norway,  by  Professor  V'ogt 
of  Cbristiaiiia,  and  afterward-i  applied  to  our  d<'po><its  by  Ur.  Aduin-,.  Dr.  Itarbiw,  and 
others."] 

In  Norway  there  are  about  40  deposits,  and  quite  a  large  literature  has  sprung  up 
about  them,  partly  written  by  Canadian  observers,**  but  it  will  bo  i.^iposiiible  to  do 
more  than  give  a  general  account  of  the  ore  deposits  as  compared  with  tiic^.e  of  Sud- 
bury. Nothing  resembling  the  great  eruptive  sheet  of  the  Sudbury  region  has  been 
de.seribed  in  Norway,  though  tho  ore  always  appears  as  segregations  at  the  edne  of  niaKsei 
of  gabbro.  Between  the  ore  and  the  rock  there  is  pyrrhotite-gabbro,  showing  every  stage 
of  mixture  of  the  sulphides  wi'h  the  rock.  The  sulphides  are  mainly  pyrrhotite,  but 
include  also  chalcopyrite,  though  in  less  amount  than  in  some  of  our  offset  mines. 
Pyrite  is  more  frequent  than  with  us,  but  the  rarer  elements,  gold,  silver,  and  platinum 
Be«>m  to  be  present  in  less  amounts,  though  they  always  occur.  In  richness  the  ore  is 
much  like  our  own,  running  from  'J., '3  to  5  per  cent,  of  nickel.  At  Kvje,  for  instance, 
tho  ore  contains  from  2.9()  to  4.37  per  cent,  of  nickel  and  1  to  1.30  per  cent,  of  copper. 
The  deposits,  however,  are  much  Kmaller  than  tho  Canadian  ones,  so  that  their  com- 
petition IS  not  to  be  feared. 

In  Sweden  very  similar  deposits  exist,  but  tho  number  exploited  is  smaller.  At 
Kuso  pyrrhotite  has  segregated  from  gabbro-diorito,  and,  as  worked,  runs  1.14  to  1.83 
of  nickel,  the  pure  pyrrhotite  containing  2. .51  to  3.42  per  cent. ''5 

In  1893  and  1894  Scandinavia  produced  more  than  100  tons  of  nickel,  but  the  opening 
up  of  the  New  Caledonia  and  later  the  Sudbury  mines  have  almost  destroyed  the  nickel 
mining  industry  in  those  regions. 

NEW  CALEDONIA 

The  only  real  competitor  of  Ontario  as  a  nickel  producer  is  the  French  penal  colony, 
New  Caledonia,  in  the  south  seas.  Nickel  was  discovered  there  in  1865  by  M.  Jules 
Gamier,  and  it  was  through  his  exertions  that  the  nickel  mining  industry  sprang  up. 
Many  accounts  of  the  region  have  b^an  given,  the  most  complete  description  of  the 
mines  and  their  conditions  being  by  M.  K.  Glasser,  who  examined  them  for  the  French 
government ;«»  but  a  good  sketch  of  the  subject  is  given  by  Dr.  Barlow  in  the  report  so 
often  referred  t.i.     The  following  account  is  drawn  from  M.  Glasser. 

The  island  consists  of  ancient  schists  and  mesozoic  sediments,  penetrated  by  numerous 
eruptives,   of  which  the  most   important  is  a   very  basic  rock,   peridotite,   consisting  of 

n^i^'S'*^    Niokelf.ril.)e<T«fiHfo    von    Schaud    au    der.    Spree    u     Ihre    Oenielno,    leitichT.    deatsch. 
Oeol.   Qes.,  55,   1903,  pp.  29i-S30. 

63 -Nikkei  forekometer  og  Nik^ielproduktion,  Oeol.  8oc.  Nor.  ChristL-inia.  1892;  Ueber  dia 
<^1,-"''»'"1  u  ■■  -..f^'U'T"  dnrcli  Di(TerHtinnpr.)ce««e  in  p:ruptiTmaBm  Hen,  International  Oeol. 
wogT..  Zarloh,  IBMs  Problems  In  the  Oeoloiry  of  Ore-Depotiti.  in  Oenesii  of  Ore  Depoiita, 
Poiepny  190!  p.  636.  etc:  Formation  of  Eruptive  Ore  Deposits,  Min.  Industry.  1895.  p.  743, 
etc.:    and    various    other   papers. 

Ti-,hi!'."V*" »''"'*■    ^^S    ^'S-;    ^°''-    ^''"    ^-    '^-   S==»«:    "f»   it    i:ing«fii,«,    il,.j.ir    I..;ckie.    Nickel 
Deposits  in  Norway.  Can.  Min.  Rev.,  Vol.  XVIII.  No.  8.  p.  151-3. 

IOMm"''""''    '*'*"''*'■*'•  ""''    '^"•o    Nickelgrufnor,    Oeol.    F6r.   In    Sl.jckholm    Fdrh.      25.    1903. 
S6A11.  des  Minis.   10  Series,   Tome   IV.   1903.  pp    299-392.   a-  1    397-536. 
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olniiM.  -Mui  .1,  tat  It..,  now  mor.  or  l-'iis  tr»ii-.i.>iin.'.l  into  vrp.niin.v  U.'posili  of  iiu\r\, 
U.I.1.I1  un.l  .liroMMiim  uro  ii*.o<  i«f.l  «itl.  tl...  ,.  riK-iitii....  Thr  nnuMml  p.Ticlotile  ii  no 
.loi.l.l  III.-  MMir.r  ol  til.'  ore,  uti.l  iiiml)...»  slio*  llmt  th..  fr.'^li  rm  k  <onti»ins  small  \»T- 
...nliiU'-  ..1  iiuk.'l  itii.l  <i.l.,.ll  A  s|ii-.iiii..n  ot  oliviii.-  Ir..ni  on..  ..t  tlio  iiiin.-s  <oiil»in« 
(111  |Mi  r.ii!.  ol  ni.kil  and  .ol,alt  oMcI..,  wliil..  111.-  ..n»tatil..  u^MHllll.ll  Willi  it  in  \«i>t 
amount  (ontains  0.4  p.r  ..-iit  KtampU*  ol  poridotit..  ar..  said  to  hav«.  b.^.n  found 
n>nlaininn  hs  mo.  Ii  us  Ji  p.r  ..lit.  in.  k.l.  ll-  p..ri<l.itit..»  lov.'r  most  of  the  houtlu'ust 
end  ol  th..  i^l  ind  uiid  form  n  .Iim  .intiiiu.iiu,  (liuiii  ..f  .mtirnps  riiiininK  nearly  to  tlie 
nortli«..^f  enil,  iw.  a  nioinitain  range  riMng  in  plai.-s  to  ri.-jlK)  ft*t.  In  most  ca«.»  aer- 
p.Mli/ation  liiu.  a.Kiiiiied  Inr,  and  at  many  p.unK  llo-  s.ip.iitin.'  Ii»^  ilianE'd  into  a 
r.'.l  il»\..y  iiuitirial,  wliiih  i»  assoi-iati.d  with  niiki'l  ore. 

Tl r.  .  an-  all  lndr.il...l  sili.  ai-  in  "In.  h  t>:,  k.'l  In-  r.'pl.i' ..1  iti:it:ii.Ma  I',  a  i;r..ai.r 

or  U'-s  .•xt..nt.  The  ri(  li'wt  «iluato«,  whirli  are  Kr>«ii  and  s.if t ,  may  ..intain  even  43  0 
p.r  (.nt  ot  ni.ki.l  0x1. le,  and  aro  calli.d  Bariiierito  and  noum..Hit<.,  the  two  varietien 
(iciiiinK  to  hl.'nd  into  one  un.ither.  Their  composition  varies  nrp""),  hot  their  nickel 
contentH  averair.-s  hiKh.r  than  that  of  tho  genthite  refurrinj  to  as  ...lurrinn  in  Oregon 
anil  North  Carolina. 

The  gr.en  minerals  occur  a«  Btnall  veins  in  the  BPrpentino  or  peridotite,  as  a  scaly 
covering  of  friigmenUi  of  tho  rock,  or  as  c.inir.'tionary  ma.sses  The  c.lor  van.  •.■.)»! 
pall'  to  deep  green  or  almost  black,  and  the  garni.-rito  is  associated  with  a  chocolate 
brown  miiu'ral,  which  was  at  first  rejected,  but  tit  now  known  to  be  a  similar  nickel 
ore  colored  with  iron  oxide,  and  forms  the  larger  part  of  the  ore  mini>d.  There  are  also 
si'icioiis  masses  of  a  green  color,  containing,  however,  only  9  or  10  per  cent,  of  nickel. 

A-  ixampli.s  of  the  best  yarnicrite  the  following  an.ilyses  may  1..-  givi.n  from  M. 
Glassrr's  report : 


I  II  III  IV  V  \1                VM 

I'.ri.iit  I',  r.  lilt  r.-i  .-.i.t  r.ri.ul  r.n-nl  r.  r  .  ,111  ,  !'•  r  c  .1.1 

-Id.                                 4j  .  I  ;t".  |-.  Ill"  :;:  T«  :i«  ;:■  it  i''   '     •' '« 

Ni.i  ■            ....'...', .'I'll  I',  r.  '"•■1  :'i'ii  ;i-'   '-' 

Mull I- -  -  *'  ■' '■'  '"'■'■'  '"  '! 

Ai-i>,  k.tOj  "■-'  '*'  ' '■"  '  ■'■  ■■^ 
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'I'lier..  may  l.e  ev.ry  cradati.m  from  sp.>iimons  like  thee,  wlii.h  ( .)iiii.  from  diir..r.iit 
parts  of  the  island,  to  sili.ate  of  mniriifsia  with  only  a  small  piTcentage  of  niik.'l,  -o 
that  the  ore  has  tho  composition  of  serpentine  in  which  a  variable  amount  of  nickel 
has  replaced  magnesia. 

M.  Glasser  distinguishes  four  varieties  of  ore  deposits,  vein-like  deposits,  brec- 
ciatcd  deposits,  masses  of  altered  serpentine  impregnated  with  nickel,  and  nickeliferoua 
earths. 

While  the  pure  garnicrite  is  very  rich,  most  of  the  ore  is  of  very  much  lower 
grade,  and  the  miners  mix  rich  and  poor  ore  so  as  to  adjust  the  output  to  an  average 
of  7  per  cent,  of  nickel,  after  drying  at  KK)*^  C.  This  means  practically  that  the  hydrous 
ore.  l..f..ri.  drying,  runs  about  54  to  '>\  per  cent,  of  nickel,  siiiie  the  peri.iitai;.-  of 
water  is  high.     The  waste  dumps  may  contain  3  or  4  per  cent,  of  nickel. 

The  veins  are  seldom  l»rae,  and  are  never  worked  to  any  important  depth,  bo  that 
there  are  few  underground  mines.  Most  of  the  deposits  form  sheets  covering  the 
surface,  nowhere  more  than  1-5  or  20  feet  thick,  and  are  worked  as  open  pits.  The 
large.«t  group  of  mines  mentioned  by  M.  Glasser,  on  the  plateau  of  Thio,  had  produced 
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up  to  llm  tiiiii-  ol  Ilia  ri'port  'JVI.IIIH)  toiis,  ainl  iluriiin  it^  ureati-nt  pi  >•^|>^■rlly,  In  18'.J(I- 
1«'J4,  hail  n'urhnl  »  proiliii  tiuii  ot  •J"),(ltH)  ur  ;*i,IKK)  tuiiH  p<  r  aiiiiMiii.  »  Iik  li  Ulir  li'nl 
Ullt-n  oU  to  lU,(Kti)  totit.  Th«  tt-nor  of  tlio  on-  m  early  days  wa»  10  to  I'J  piT  rout,  hut 
Utterly  had  talU'ii  to  ti4  p«r  per  cent,  of  niikfl.  A  larne  amount  of  watte  rock  ha^ 
Ouw  to  bi'  rt'jt'C'tfd,  and  the  group  of  mine*  in  appruaihiiiK  othauatioii. 

The  depoMta  are  alwaya  found  on  gpntle  slopiw  or  hnninn  on  the  llanka  of  the  moun- 
tains and  lio  hctHeen  thi>  red  clay  ineiitionud  before  and  the  rock.  They  have  roiiulted 
from  the  superficial  weatherinK  of  tho  roik,  ai'i'ompanle<l  hjr  a  concentration  of  ttir 
nickel  as  mlicate  by  «url»co  watert,  the  nickel  beiim  pre<  ipitated  more  readily  than 
the  magnesia.  Under  th- sws  condition*  nom-  of  the  di'poMtM  run  be  expinted  to  <o\er 
continii(>u!ily  a  larKe  surface,  "ho  larxcKt  of  the  bandi  of  ore  are  not  more  than  about 
a  halt  mile  lonj;,  and  they  are  cotnparatively  narrow.  Many  of  the  depiwitH  are  already 
worked  out.  hut  a  lar^u  number  .still  furnish  ore,  uiid  probnbly  many  new  drponitK  will 
yet  bo  found.  If  the  gradu  ot  tho  ore  required  Hero  lowered  to  .j  per  cent,  ol  nickel,  the 
amount  which  could  be  furnished  would  greatly  increane. 

As  the  oreti  generally  occur  high  up  on  the  mountains  whore  roads  are  diflicult 
to  construct,  transportation  is  a  serious  dilliculty,  and  ralile  tramways  have  olten  tr> 
be  provided.  Another  drawback  is  tho  thitkne.sn  of  red  cliy  which  has  to  be  stripped 
from  many  of  the  depositu  before  they  can  be  worked  by  open  quarrying,  which  is  tho 
usual  method.  Tho  poor  character  of  the  labor  available,  Kanakas,  convicts,  or  soine- 
t:rn«w  Japanese,  is  another  drawbai  k  mentioned  by  M.  Glasser ;  who  adds  that  the 
long  ocean  voyage  and  the  remote  situation  of  the  island  greatly  hamper  the  marketing 
of  the  ore  at  a  profitable  rate. 

At  present  all  the  ore  ia  shipped  to  Kuropo  for  treatment,  hut  it  is  thought  that 
a  great  economy  in  freight  could  be  accomplished  by  smelting  to  matte  in  tho  island, 
thus  reducing  tho  weight,  though  smelters  erected  years  ago  proved  unauccesaful. 

Though  nickel  was  discovered  by  Garnier  in  ISti.'),  scarcely  any  mining  was  done 
until  1875,  and  the  output  did  not  rise  to  great  importance  till  188;»,  when  21,0(10  tons 
of  ore  were  shipped.  This  amount  had  increased  to  103, iXW  tons  in  1899,  and  to 
128,6.'i3  torm  in  1902,  acocrding  to  statistics  furniflhe<]  by  M.  (;ias.ser.  In  1889  the  con- 
tents of  nickel  in  the  oro  sent  from  New  Caledonia  rose  to  1,880  tons,  while  previously  it 
had  not  reached  1,0()0.  In  1902  the  nickel  contents  were  placed  at  7,04o  tons,  though 
M.  Glasser  doubts  the  correctness  of  the  return. 

The  most  productive  mines  are  still  the  old  ones  in  the  neighborhood  of  Thio  on 
the  northeast  siue  of  the  island  near  its  southeast  end.  but  their  output  is  diminishing 
and  the  total  is  kept  up  by  the  working  of  a  large  number  of  small  veins  in  different 
parts  of  the  island. 

M.  Glasser  discusses  interestingly  the  formidable  competition  of  the  Canadian  nickel 
mines,  though  he  states  that  "thanks  to  a  more  or  less  complete  understanding  between 
the  producers.  New  Caledonia  preserves  her  rank;  but  it  is  none  the  lass  true  that  the 
nickel  industry  ia  developing  in  Canada  and  that  the  production  of  its  mines  has  been 
rapidly  increasing  of  late  years.  Must  one  say  that  New  Caledonia  has  much  to  fear 
from  this  competition?  We  do  not  think  so;  for,  so  far  as  we  can  judge  from  the 
documents  at  our  disposal,  the  natural  conditions  o*  tho  Canadian  deposits  are,  in 
themselves,  much  less  favorable  than  those  of  our  colony."  He  goes  on  to  show  that 
the  Sudbury  ores  .ire  sulphide  ores  of  nickel  and  copper,  variable  in  the  percentage 
of  the  two  metals  and  requiring  a  complex  method  of  refinement.  Quoting  the  statistics 
of  the  Bureau  of  Mines,  he  admits  that  the  nickel  resources  of  the  region  are  consider- 
able, though  the  tenor  of  the  ore  seems  to  be  diminishing.'?  He  was  influenced  in  his 
view  by  the  absurdly  high  estimate  of  our  ore  reserves  given  hy  an  official  report  to  the 
United  Rtsten  Re^rret.arv  of   Mftrir?  {r,    ''fion 
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\\  lulf  .M.  GlufcS'r  thinks  our  prospects  less  briglit  than  those  of  New  Caledonia, 
ho  iidniits  certain  advantages.  "On  the  other  hand  the  general  industrial  situation  ot 
(':iM;ida  iipjiiar'-  to  ho  very  tavorahlc,  and  has  permitted  in  late  years  an  important 
development  in  mining  and  treating  the  ores,  in  consecinence  of  which  the  production 
ot  nickel  in  Canada  is  hteadily  increasing." 

There  is  one  apparent  advantage  for  purposes  of  treatment,  which  the  New  Cale- 
donian ore  ha.i  over  curb,  in  the  alisen<e  of  sulphur,  and  another  real  advantage,  in 
its  f roed' m  Irom  (opper.  '1  lie  first  ailvantage  i^,  liowe\er,  neutralized  liy  the  tact 
that  the  .New  Caledonian  ore  must  bo  smelted  with  coke,  which  always  contains  appreci- 
able quantities  of  Kulphur.  Owing  to  the  groat  affinity  of  nickel  for  sulphur,  this  is 
taken  up  by  the  metal,  and  must  later  he  separated  from  it.  This  fact  interfered  with 
(Jarnier's  original  idea  of  direct  smelting  of  the  nickel;  and  it  is  now  smelted  with 
sulphur  compounds,  such  as  gypsum,  and  made  into  a  matte  which  must  afterwards 
be  refined  in  ways  not  very  different  from  our  own.  The  absence  of  copper  makes  ito 
fceparation  unnece.ssary,  but  the  copper  when  separated,  is  an  element  in  the  value 
of  the  Sudbury  ores. 

TYPKS  OF  MCKI-:L  ORES  AND  DBPOSITS 

From  tlie  account  just  given  of  the  New  Caledonian  ore  deposits  it  will  be  seen 
that  they  are  of  an  absolutely  diiferent  type  from  those  of  Sudbury ;  and,  if  we  omit 
the  few  rich  .nrsenides  and  sulphides  of  nickel  found  in  some  Saxon  mines  and  the 
Coleman  deposits,  in  relati\ely  miiiuto  (|naii*itie>,  all  ni.kel  (bixi-itv  may  lie  divided 
into  two  clas.ses,  pyrrhotite  ores  which  occur  as  segregations  at  the  margin  of  eruptive 
rocks  suih  as  norite  and  gabhro ;  and  hydrous  silicates,  such  as  garnierite  and  genthite, 
which  result  from  the  weathering  of  serpentine  derived  from  a  very  basic  eruptive  rock, 
peridotite. 

Though  both  kinds  of  deposits  have  their  source  in  eruptive  rocks,  one  comes  di- 
rectly from  t'le  molten  magma,  by  segregation  at  its  bottom  or  edge;  the  other  by  a 
complex  process  of  decomposition  carried  on  in  two  stages,  hydration  into  serpentine, 
and  weathering  of  serpentine  into  red  clay,  with  the  accumulation  of  the  minute  quan- 
tity of  nickel  in  the  original  rock  as  secondary  deposits  of  the  green  or  chocolate  brown 
liydriiuv  silica'es  of  niikel  and  magnesia.  In  th.»  .'»u<lbury  region  the  silicate  ore  of  nickel 
i-  uiikimwii.  iliouL'li  genthite  has  been  fciuinl  on  Miclnplcciteii  island  in  lake  Superinr*-'* 
ill  trilling  ■luaiililie-.  We  li.i\e  iiiiiiierous  area."  nf  serpentine  in  Canada,  especially 
in  the  Kastern  townships  of  Quebec,  and  minute  amounts  of  nickel  occur  in  them,  but 
the  conditions  have  not  been  favorable  for  the  accumulation  of  secondary  ore  deposits, 
even  if  the  amount  of  nickel  contained  in  the  serpentine  was  sufficient  In  quantity. 
The  scouring  of  the  Ice  Age  would  have  removed  any  such  residual  deposits. 

The  Scandinavian  nickel  regions  have,  of  course,  passed  through  the  same  conditions 
as  our  own.  It  is  a  little  surprising  that  the  millions  of  tons  of  nickeliferous  pyrrho- 
tite dentroyed  in  past  ages  by  weathering  in  the  Sudbury  region  should  not  somewhere 
have  given  rise  to  secondary  deposits,  but  none  are  known;  and  we  must  suppose  that 
the  nickel  solutions  due  to  weathering  and  gossan  formation  have  not  met  with  the 
|, roper  re-arrent<;  to  precipitate  tire  nickel.  Its  cnmpouiid<  are  in  general  very  soluble. 
only  the  hydrous  silicate  showing  a  tendency  to  permanence. 

On  the  other  hand  sulphide  of  nickel  is  practically  never  found  in  New  Caledonia. 
the  only  reported  occurrence  being  a  littlo  millerite  found  in  the  Ksperance  romium 
mine. 

We  have  then  in  Ontario  very  large  deposits  of  sulphide  ores  going  to  depths  of 
more  than  I.OIX)  feet,    comparatively    little    changed    from    the    form  they  assumed  on 

rc!r:':::g    ivr.ii;    the   ::;-j:fcn    iii:igi:i:i ;    while   in    .Vcw   Caledonia   we   find    thin,    fi.it.   shftljoi- 

68(1  ac.  1890-91,  Part  K,  p.   47:  alio  Dr.  Barlow.   1904,  Part   H.  p.   149. 
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sheets  of  ore  entirely  ul  secondary  origin,  t)io  accumulation  ot  ages  of  superficial  changes 
ill  a  region  too  near  thi'  iqualor  to  bo  atfcctctl  hv  the  <:laiiiil  period 

For  completeness  sake  a  reference  shouid  bo  made  to  the  occurrence  of  native 
nickel,  associated  with  native  iron,  in  certain  basic  rocks,  a.s  at  Ovifak  on  Disco  island, 
on  the  Greenland  coast.  The  masses  of  iron  found  there  aud  partly  ren.oved  by  Niirden- 
skjold  to  be  depoeited  in  the  Scandinavian  capitals,  run  up  to  20  tons  in  weight.  They 
contain  only  small  amounts  of  nickel,  from  0.34  to  2.8.5  per  cent.,  but  almost  enough 
for  nickel  steel.  Meteoric  iron,  it  is  well  known,  always  contains  nickel,  reaching  even 
in  one  case,  59.69  per  cent.,  as  at  Oetibbeha  Co.,  Miss. 

Native  nickel  with  a  percentage  of  iron  has  been  found,  also,  the  example  best  known 
being  the  awaruite  of  Gorge  river  in  the  south  island  of  New  Zealand.  This  contains 
67.63  per  cent,  of  nickel,  0.70  per  cent,  of  cobalt,  and  31.02  per  cent,  of  iron.  It  is 
found  with  gold  and  platinum,  etc.,  in  river  gravel,  and  was  probably  derived  from  a 
partially  serpentinized  peridatite.''»  Kven  more  interesting  is  the  souesite,  or  native 
iron-nickel  alloy  described  by  Dr.  Hoffman  from  ^illooet  in  British  Columbia.  It  was 
found  with  platinum  and  a  little  gold,  etc. ;  and  has  the  composition  nickel  76.48,  iron 
22,30,  copper  1.22.7"  Closely  related  to  this  are  the  metallic  grains  found  by  Sella  in 
gold-beariiiK  sand  at  Klvo,  near  Uiella,  in  Piedmont;  which  contain  75.2  per  cent,  of 
nickel  and  ii6.6  per  cent,  of  iron.;' 


Distribution  of  Metals  in  the  5udbury  Ores 

By  far  the  most  important  of  the  metals  in  the  Sudbury  district,  so  far  as  quantity 
is  concerned,  is  iron;  but  it  is  always  combined  with  sulplun,  chiefly  in  the  form  of 
pyrrhotite,  which  contains  from  60.4  to  61.6  of  iron  when  pure.  If  it  were  not  for  the 
difficulty  in  completely  removing  the  sulphur,  pyrrhot  would  be  a  valuable  ore  of 
iron,  and  the  nickel  mines  would  also  be  iron  mines,  so  of  them  comparable  in  ton- 
naEe  and  percentage  of  the  metal  to  important  iron  mines  iii  other  recinns.  Some  day 
the  iron  of  the  pyrrhot'te  may  be  in  demand,  but  that  day  is  prcbably  ■;      ant. 

Next  in  amount  comes  nickel,  which  may  be  looked  on  as  sometimes  replacing  a 
part  of  the  iron  in  the  pyrrhotite,  though  in  most  cases  it  is  known  to  belong  to  pent- 
landite  disseminated  through  the  pyrrhotite.  This  occurs  in  quite  variable  amounts, 
running,  in  mines  which  have  been  extensively  worked,  from  1.5  per  cent,  of  the  ore 
to  over  5  per  cent.  ;  and  in  some  smaller  mines  to  8  or  more  per  cent,  for  a  few  thousand 
tons.  These  statements  apply,  however,  to  the  ore  as  mined,  always  including  more  or 
less  rock.  The  pure  sulphides  would,  of  course,  run  higher.  In  the  Murray  mine  55 
to  60  per  cent,  of  the  ore  was  sulphides;  at  the  Copper  C  iitf  nearly  40;  at  No.  2  about 
60;  at  the  Frood  73;  and  at  Creighton  79  or  80,  the  highest  in  the  region. 

Close  after  nickel  comes  copper,  derived  from  the  chalcopyrito  almost  always 
mixed  with  the  pyrrhotite;  but  the  proportions  of  the  two  metals  vary  greatly. 

Next  in  quantity,  but  far  behind  the  others,  is  cobalt,  present  in  all  the  ores  to 
the  extent  of  from  1-40  to  1-133  of  the  nickel  present,  according  to  the  low  analyses  on 
record  showing  the  percentage  of  cobalt  in  high-grade  matte.  If  we  take  the  returns 
of  cobalt  from  the  statistics  for  1903-4,  we  find  only  25.8  tons  to  11,727  tons  of  nickel, 
the  cobalt  representing  only  1-455  of  the  nickel;  however,  cobalt  is  more  easily  slagged 
off  tha-.i  nickel,  and  no  doubt  has  been  quite  disproportionately  removed  in  the  refining 
process.  For  the  same  reason  the  proportion  of  cobalt  in  the  bessemer  cr  high-grade 
matte  is  no  doubt  lower  than  in  the  original  ore. 

The  precious  metals  art  present  in  still  smaller  quantities,  silver  coming  first,  with 
2}  to  7  oz.  per  ton  of  high-grade  matte;  the  platinum  metals  next,  with  from.  0.17  oz. 
to  0.5  oz.,  I   id  gold  last,  with  0.02  to  0.3  oz.  per  ton. 

6g  Dana't  Byitem  of  Ifineralogy,  pp.  28  and  29. 

70  Am.  Jotir.  80.,  Vol.  IIX.  1905,  pp.  319-20. 

71  Damincr,  Handbach   der  Anoritantsohen   Ohsmie,   Vol.   Ill,  p.   488. 
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Matte  Analyses 

The  result-  ct   tlie  most   KJinpleto   analyses   of   bessemer  or  other  high-grade   uiatte 
aviiilalile  iirc  i;i\iii  in  the  tolli)»in(;  table: 
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I  is  by  T.  L.  Walker  of  Murray  mine  bessemer  matte.7" 

U  and  HI  are  by  Donald  Locke,  of  Ontario  Smelting  Works  matte,?!  mainly  from 
Creighton  ore. 

IV  is  by  J.  W.  Bain,  of  Copper  Cliff  matte  in  1899,  from  Stobie,  Copper  CliJE  and 
Evans  mine  ore.74 

V  is  by  Titus  Dike  in  1894,  of  Copper  Cliff  and  Evans  ore,  probably  with  some  ore 
from  Btobie.75 

VI  is  by  Donald  Locke,  of  Victoria  mines  bessemer  matte.7« 

Analyses  I,  II  and  III  are  of  matte  whose  ore  came  chiefly  from  large  marginal 
deposits,  the  .Murray  and  Creighton  mines.  IV  and  V  are  partly  of  ore  from  mines  of 
(be  Copper  Cliff  offset  (Copper  Cliff  and  Evans),  but  partly  from  Stobie  mine.  VI  H 
from  an  offset  mine,  but  very  close  to  the  margin  of  the  nickel-bearing  eruptive, 
Victoria  mine.  It  will  be  noticed  that  nickel  predominates  over  copper  in  the  ratio 
of  about  2  to  1  or  5  to  3  in  matte  from  marginal  mines,  while  copper  outweighs  nickel 
in  offset  mines,  except  at  Victoria  mine,  where  nickel  is  a  little  in  advance. 

Assays  of  ore  from  the  different  mines  show  this  even  more  strikingly.  The 
Creighton  runs  about  5  per  cent,  of  nickel  to  2  of  copper ;  the  sulphides  at  the  Murray 
mine  about  31  to  IJ;  the  Blezard  mine  about  4  of  nickel  to  2  of  copper;  and  similar 
proportions  are  found  in  the  Gertrude,  etc.,  all  marginal  mines.  At  the  Copper  Cliff 
the  ore  averages  4.20  of  nickel  to  5.68  of  copper,  and  the  offset  mines  as  a  whole  contain 
nearly  equal  amounts  of  nickel  and  copper,  except  the  Stobie  offset,  where  nickel  is 
2.21  to  1.55  of  copper.  The  last  offset  is  of  a  peculiar  kind,  showing  no  direct  connec- 
tion with  the  main  eruptive,  but  running  parallel  to  its  edge  at  a  distance  of  about 
three-fourths  of  a  mile  to  the  southeast,  so  that  it  seoms  to  follow  a  different  law,  and 
may  be  really  a  sheet  of  norite  and  ore  projecting  from  the  main  range  away  below  the 
surface. 

It  appears  then  that  a  certain  amount  of  segregation  of  the  oreh  took  place  where 
offsets  projected  from  the  edge  of  the  eruptive  into  the  cooler  country  rocks,  the  process 
being  aided  probably  by  circulating  hot  water  arising  from  the  eruptive  magma. 

.\ssa.vs  or  analyses  are  not  available  to  show  how  the  rarer  metals  were  affected, 
beyond  the  general  fact  that  they  seem  to  have  been  concentrated  in  a  still  higher 
degree  than  the  copper,  as  may  be  seen  from  the  table.     The  first  three  analyses  show 

71  Am.  Jonr.  So.,  Vol.   1.   4th   Serie»,  189«,   p.   IIJ. 

73  Dr.   Bariow,  p    zOc. 

74  Bur.    Minet.   1900.   p.    218. 
7sMin.   Indnatry.   Vol.   Ill,   p.  460. 
76  Dr.  Barlow,  p.   206. 
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2i  or  3  ounces  of  silver  per  ton  of  matte  and  from  0.19  to  0.G5  of  gold  and  the  platinum 
metals ;  the  last  three  have  f roin  o  to  7  ounces  of  silver  and  from  O.ti  'o  1  ounce  of  K"ld 
and  platinum.  The  amount  of  the  precious  metals  is  more  than  doubled,  while  the 
percentage  of  copper  is  increased  from  25  to  about  42. 

In  the  case  of  Vermilion  mine  the  gold  and  platinum  metals  are  increased  in  a 
much  greater  degree,  but  the  small  amount  of  the  ore  known  to  exist  makes  it  of  littlo 
importance.     No  analyses  of  Worthington  matt«  are  available,  unfortunately. 

The  Precious  Metals 

The  proportions  of  the  rare  metals  thus  far  referred  to  are  the  results  of  analysis 
of  the  high-grade  matte.  To  bring  them  into  relationship  with  the  respective  ores  from 
which  the  matte  was  obtained  it  is  necessary  to  know  the  grade  of  the  ore,  and  in  many 
cases  this  is  not  on  record.  At  the  Murray  mine  the  ore  contained  in  1891  about  1.5 
per  cent,  of  nickel  and  0.75  per  cent,  of  copper ;  so  that  a  ton  of  matte  containing  74.74 
per  cent,  of  the  two  metala  represented  the  concentration  of  about  33  tons  of  ore.  If 
30  per  cent,  be  aIlo<ved  for  loss  in  treatment,  this  would  raise  the  amount  to  40  tons. 
Of  this  about  60  per  cent,  was  sulphides,  making  24  tons  of  pyrrhotite  and  chalcopyrite 
to  furnish  3.14  oz.  of  silver,  0.17  oz.  of  platinum  metals  and  0.02  oz.  of  gold.  Probably 
12  tons  of  the  Creighton  sulphides  produced  a  ton  of  the  matte  analysed  by  Mr.  Locke 
(II  and  III);  while  about  18  tons  of  the  sulphides  from  Stobie,  Evans,  etc.,  were  needed 
for  IV.  In  the  case  of  V  probably  12  tons  of  the  rich  sulphides  from  Copper  Cliff  and 
Evans  provided  a  ton  of  matte.  I  have  no  definite  information  as  to  the  number  of 
tons  of  sulphides  required  to  produce  a  ton  of  the  Victoria  mines  matte  (VI). 

Aranged  as  a  table  the  amounts  of  the  rare  metals  to  a  ton  of  sulphides  are  roughly 
as  follows: 

Silver.  Gold.         Platinum  metals. 

I.  Murray  mine  0.13  oz.  0.0009  oz.  0.007  oi. 

IJ  and  III.  Creighton  mine,  etc.     0.21  oz  0.0083  oz.  0.037  oz. 

IV.  Copper  Cliff,  Stobie,   etc.     0.28  oz.  0.U166  oz. 

V.  Copper  Cliff,  Evana,   etc...  0.583  oz.  0.0125  oz.  0.0146  oz. 

II  and  III  included  some  ore  from  tb"  oftsct  mines  of  the  Canadian  Copper  Company, 
and  do  not  represent  the  Creighton  alone. 

In  concluding  this  discussion  of  the  distribution  of  the  rare  metals  the  returns  of 
platinum  and  palladium  from  the  Canadian  Copper  Company's  matte  must  be  referred 
to.  In  1902  there  were  2,375  ounces  of  platinum  and  4,411  ounces  of  palladium  recovered, 
which  may  be  looked  on,  however,  as  belonging  partly  to  the  ore  mined  in  fcrmer  years. 
.Assuming  that  it  came  from  the  ore  of  1902  there  were  0.0102  ounces  of  platinu.n  and 
0.0189  ounces  of  palladium  to  the  ton  of  ore  mined,  or  0.0291  of  both  metals.  Probably 
60  or  70  per  cent,  of  the  ore  was  sulphides,  so  that  the  number  of  ounces  per  ton  should 
be  increased  proportionately.  In  1903  the  amounts  aie  0.0077  platinum  and  0.0144 
palladium,  the  total  being  0.0221  ounces.  In  1904  there  was  a  falling  off  to  0.0052 
and  0.0093,  with  a  total  of  0.0145  ounces  of  the  platinum  metals  per  ton  of  ore.  In 
the  last  year  most  of  the  ore  was  from  the  Creighton  mine  and  75  per  cent,  of  it  may 
have  been  sulphides,  which  would  raise  the  total  to  0.0103  ounces  per  ton. 

Estimating  roughly  the  amount  of  sulphides  in  the  ore  each  year,  the  following 
relationship  results: 

1902— Platinum  metals  per  ton  of  sulphides,  0.0468  ounces 

1903—  "  "  "         0.0323       " 

1904—  "  "  '•        0.0193      " 

A  portion  of  the  ore  from  which  the  metals  'rere  obt*ined  in  1904  probably  came 
from  the  Copper  Cliff  in  the  previous  year,  so  that  we  cannot  assume  Creighton  ore 
that  the  statistics  of  the  rare  metalu  dn  not  represent  the  ccninletft  rhar;~s  frntr.  -.''!^*  t.-. 
the  statistics  of  the  rare  metals  do  not  represent  the  complete  change  from  offset  to 
marginal  ores  in  this  respect. 
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One  naturally  comparcB  our  ores,  with  tho  similar  ones  of  Norway,  but  in  comparing 

the  ratios  of  tho  metals  in  the  two  countries  it  must  be  kept  in  mind  that  their  deposits 

correspond  to  our  marginal  ones  and  not  to  our  offset  deposits.     Prof.   Vogt  giveS  the 

composition  ot  two  Norwegian  be.ssemer  mattes  as  follows: 

Kiiii'.  riki-  Kvjf. 

I'tTi.'iii.  rt-ritTit. 

Njrk.  1 Ml'.  41   V] 

C.ihnll..,.              , 1    :'■>  II  '.IT 

rnpl,.  r                      '''•   III  J.i  HI 

In.ii 10. h;  '  l:ii 

-ulpljiir.    ..    I'.i    >«  •"! 

i;,il.[  I' nil"'/    I'tr  t'ln      '.  "."J"/,  jht  t"ii 

^-ili.r   .'       J   I''  I  '»' 

I'l.iliij'nii "  ""''  ■■                       II  "I 

li"""i"     ';,!„, ul  'lima 

I  '*Mi;-ii'i    I 

If  this  is  compared  with  the  table  of  analyses  of  budbury  mattes  given  on  a  previous 
page,  it  will  be  sein  that  the  proportions  are  quite  like  analj.ses  I,  II  and  III,  from 
marginal  ore  deposits,  but  that  tho  other  three  ehow  higher  percentages  of  the  rare 
metals.  It  will  bo  noticed,  too,  that  tho  percentage  of  copper  in  tlio  three  offset 
deposit*  is  much  greater  than  in  the  Norwegian  mattes. 

Palladium  has  not,  so  far  rs  1  am  aware,  been  reported  from  the  Norwegian  nickel 
orce. 

Prof.  Vogt  states  that  in  Norway  the  proportions  of  the  metals  are  one  part  of 
gold  to  120  of  silver,  one  of  platinum  to  30  of  silver,  one  of  silver  to  5,000  of  nickel. 77 
In  our  ores  it  would  bo  more  natural  to  ccmpare  the  precious  metals  with  copper  than 
nickel,  since  ilieir  percentage  increases  with  that  of  copper,  though  somewhat  more 
rapidly. 

It  is  well  known  that  platinum  occurs  always  in  connection  with  basic  rocks,  but 
the  native  metal  in  Russia,  British  Columbia,  etc..  is  considered  to  be  derived  from 
rocks  co.isisting  of  olivine  and  proNcne,  now  largely  turned  to  serpentine,  rocks  of  a 
much  more  basic  character  than  our  norite;  and  it  seems  that  the  native  metals  of  the 
platinum  group  gc  with  ultra-basic  rocks,  while  the  arsenical  compound,  sperrylite, 
is  associated  with  less  basic  rocks  like  norite  and  gabliro.  New  Caledonian  peridotites, 
frmi  which  their  nickel  -re  is  derived,  should  contain  a  small  amount  of  the  platinum 
group  of  metals,  but  in  the  native  state  ard  not  as  arsenides,  if  tlie  relationship  just 
mentioned  is  correct. 
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For  tlio  niiio  months  ending  30tli  Si'ptriiibor  UH)."i.  tlie  prodiictinii  of  nickel  from 
tlio  Sudbury  niinps  was  returned  as  T.Vin  tons,  wortli  in  the  matte  .«2,r)22,59S,  and  of 
copper  a,310  tons,  worth  $507,440. 

In  addition  to  the  metals  given  in  the  table  there  are  returns  for  platinum  and 
palladium  from  1902  to  1901,   as   follows: 
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The  statistics  as  civen  are  ta;  from  the  reports  of  tlie  Bureau  of  Mines,  and 
repie^ent  tlie  returns  «ont  in  by  tnc  companies.  For  snnin  reason  not  aroounted  for, 
the  statistics  Riven  in  the  Geological  Survey  Reports  differ  considerably  from  those  of 
the  Bureau  of  Mines,  being  generally  lower.  The  vahics  in  the  two  sets  of  statistics 
vary  still  more,  since  the  Bureau  of  Mines  reports  spot  values  of  the  nickel  and  copper 
in  the  matte  as  it  is  shipped  from  Ontario,  while  the  Survey  reports  the  final  value  of 
the  refined  metal.-' 

Certain  interesting  changes  in  the  te* -r  of  the  ore  smelted  may  be  observed  in  the 
table  given  above,  such  as  the  gradual  lalling  off  in  the  nickel  and  copper  per  ton, 
from  3.36  ,nd  3,19  respectively  in  1892  to  1.64  and  1.5.5  in  1901;  followed  by  a  rise 
in  the  next  three  years  to  4.60  and  1.98.  This  may  be  accounted  for  by  the  fact  that 
the  ores  came  largely  from  differnt  mines  at  different  times.  In  the  early  days  the  rich 
Popper  Cliff  mine  provided  n  large  part  of  the  ore-.  Inter  lower-grade  ores  from  the 
Stobie  and  other  mines  came  in  plentifully  and  lowered  the  average.  For  the  last  tBree 
years  the  comparatively  rich  Creighton  ore  has  been  replacing  that  from  other  mines, 
raising  the  percentage;  but  as  this  mine  producfis  much  more  nickel  than  copper, 
about  5  per  cent,  to  2,  the  proportions  of  the  two  metals  have  changed.  The  Copper 
Cliff  supplied  about  equal  quantities  of  nickel  and  copper,  usually  rather  more  of  the 
latter  metal. 

The  absence  of  cobalt  from  the  statistics  from  1895  to  1900  does  not  imply  that  the 
ore  contained  none,  but  only  that  it  was  not  reported,  perhaps  because  not  separated 
from  the  nickel.  The  amounts  reported  from  1892  to  1894  were  from  a  company  which 
ceased  work  in  the  latter  year. 

The  most  curious  part  of  the  table  is  that  referring  to  platinum  and  palladium. 
Platinum  has  long  been  known  to  occur  in  the  matte,  but  except  in  one  assay  of  Copper 
Cliff  matte,  palladium  has  been  reported  only  in  trace3.-9  It  is  therefore  a  surprise  to 
find  nearly  double  as  much  palladium  as  platinum,  and  the  fact  is  not  easily  accounted 
for,  since  no  palladium  mineral  has  been  fcund  in  the  district.  The  platinum  comes,  of 
course,  from  sperrylite. 

The  falling  off  in  the  percentages  of  these  rare  metals  from  1902  to  1901  may  have 
been  cause<l  by  the  dosing  down  of  most  of  the  offset  mines,  such  .".s  the  Copper  Cliff, 
confining  the  ore  to  marginal  mines,  such  as  the  Creighton.  Offset  deprsits,  like  the 
Copper  Cliff,  Victoria  mine  and  Vermilion,  are  much  richer  in  the  rare  elements  than  the 
large  marginal  mines. 


tbtVa'ytT."  "*"•""•  •*•  "'■•   BarloWi   report,    p.   232;   and  alao    the   •nccestive    report,  8 
79  Ai   quoted    by   Barlow,  p.   203;   In    the  article   quoted.    MIn.    Induitry    Vol     tv    n    tf.n    „,, 
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lt>  rcRard  to  the  rarer  tnetaU  it  slioiud  bo  said  that  there  is  a  considerable  lapse 
„t  liin,.  between  the  niininK  of  the  ore  and  the  recovery  of  the  metnls  after  the  relitiniR 
ha-  taken  plare.  sn  tliat  the  returns  of  th.'  metals  are  perhaps  a  yenr  or  men-  behind 
those  of  the  ores  mined 

The  quantitiM  oi  pmtinum  and  palladium  obtained  during  the  last  three  years  are 
stated  to  hav..  been  .■Ntrart<d  from  the  .K-.umulat  ions  <r  re-i.liies  of  lornier  year>  a-  uvll 
as  from  the  mattes  actually  treated  durinf;  thos..  years.  For  this  reason,  as  well  a« 
from  the  comparative  Icanncs-s  in  the  rare  metals  of  the  Crei«hton  ore,  the  yield  of 
platinum  and  palladium  a*  well  as  of  gold  and  silver,  is  likely  to  be  less  in  the  immediate 
future.  Cobalt  is  almost  cntir.ly  removed  from  the  matte  during  tbo  bess.  i„er  pi,„...s 
as  now  carried  on  in  the  new  smelters  of  the  Canadian  Copper  Company. 

In  the  statistics  given  the  mines  of  the  Canadian  Copper  Company  mukt  be  credited 
with  at  least  four-fifths  of  the  output  of  ore  and  even  a  larger  proportion  of  the  nickel 
and  copper;  and  the  apparent  sudden  decline  in  the  output  in  1901  is  explained  by  the 
stoppage  of  the  old  west  smelter  while  the  now  one  was  being  completed. 

Dr.  Harlow  has  estimated  the  total  value  of  the  metals  produced  from  the  Sudbury 
mines,  including  nickel,  cobalt,  copper,  gold,  silver  and  platinum,  at  $52,717,346.  On 
the  authority  of  Mr.  Turner  he  gives  the  amount  of  ore  produced  by  the  three  most 
important  mines  up  to  the  1st  of  .Juno  19^4,  as  follows  ii" 

Stobiemine 419,000  tons. 

Copper  Cliff  mine  366,000  tons. 

Creighton   mine  310,000  tons. 

It  is  probable  that  the  last  mine  has  now  produced  more  than  500,000  tons.  Of 
the  other  mines  belonging  to  the  company,  three,  the  Evans,  No.  2,  and  No.  3  (Frood) 
havo  produced  between  100,000  and  200,000  tons.  Of  mines  belonging  to  other  companies 
the  Murray  mine  produced  62,193  tons,  the  Blczard  about  100,000  tons  and  the  Victoria 
mine  more  than  80,000  tons. 

It  should  be  mentioned  in  connection  with  the  statistics  given  in  the  main  table 
that  the  total  quantity  of  the  metals  reported  is  the  quantity  actually  recovered,  not 
the  total  quantity  originally  contained  in  the  ores.  There  is  a  large  loss  during  roasting 
and  smelting  of  the  ores,  variously  estimated  at  from  15  to  25  per  cent,  of  the  nickel 
and  copper  originally  in  the  ore.  Messrs.  McDonald  and  Paris  of  Victoria  mine  put 
the  loss  between  green  ore  and  80  per  cent,  matte  at  from  10  to  20  per  cent.,  with  an 
average  of  about  15  per  cent.,  most  of  the  loss  of  copper  being  in  roasting,  and  of 
nickel  in  smelting.  In  other  mines  of  the  district  good  authorities  make  the  loss  greater, 
as  much  as  25  per  cent,  in  most  cases.  To  get  the  true  contents  of  the  ore  from  the 
returns  of  metals  reported  it  will  be  necessary  then  to  add  probably  one-6fth  to  the  per- 
centages given  in  the  table.  As  the  statistics  of  other  countries  usually  give  the 
metallic  contents  of  the  ores  as  determined  by  assay,  this  correction  is  necessary  in 
comparing  our  statistics  with  theirs. 

STATISTICS  OF  OTHER  COUNTRIES 

The  statistics  of  the  nickel  production  of  other  countries  than  Ontario  are  in  a 
verv  unsatisfactory  state,  since  there  are  numerous  small  mines  whose  returns  seerr  to 
be  made  up  in  different  ways.  The  most  important  mining  region,  New  Caledonia  ships 
almost  all  its  ore  raw  to  various  countries  of  Europe,  though  a  little  of  it  has  come 
to  the  United  States,  also;  and  the  returns  of  the  nickel  produced  in  these  countries  do 
not  asrce  with  the  amount  estimated  in  the  raw  ore.  Some  portion  of  the  ore  probably 
remains  in  stock  from  year  to  year,  so  that  the  output  of  Europe  should  follow  the  New 
CatedoMia  retUins  utter  a  lapse  of  perhaps  a  yoaf  for  ocCiin  tfftrisport  and  tnt:  time 
needed  for  smelting  and  treatment. 

iolbid..  p.    230-1. 
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Thr  fuUuwiii^  table  is  taken  from  M.  Glassor'g  report  on  the  miuerul  wealth  of  New 
(  iilidoiiia.  the  values  boiiir;  chari(;od  from  l.ancs  to  Jnllar)  hv  diviiliiiix  hv  tivi'.  wliirh 
slightly  overstates  them.  The  tons  arc  metric,  slightly  less  than  our  long  tons,  and 
tons  enclofifd  in  parvntheees  were  smelted  to  matte  un  the  island.  M.  UIass>er  thinks 
the  values  for  1»'J8,  18')'J  and  liKIO  are  exaggerated,  having  heen  olitainej  by  multiplying 
the  number  of  tons  of  moist  ore  by  the  value  per  ton  of  dry  ore.'" 
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To  conclude  the  statistics  of  nickel  production,  Dr.  Barlow's  table,  mainly  derived 
from  the  Metallgeeellschaft  und  Metallurgische  Gesellschaft  (Frankfort-on-the-Main), 
Aug.  1903,  p.  23,  for  Europe;  and  from  U.  S.  and  Canadian  authorities  for  America, 
is  given  below  : '" 
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A  comparison  of  the  total  output  of  nickel  in  Kuropo  fiimi  New  t'aU'doniau  ore 
Willi  I  In  i(uaiitity  of  niikcl  hlioviii  by  as^ay  of  tlio  ori's  oxporti'd  sliowa  that  the  metal 
ii'lirK'<l  ill  Ivii opt)  almost  always  lulls  much  below  tlie  iiiiioiiiit  istiniattd  liuiu  tbo  UMays, 
and  only  in  one  year,  In'JtJ,  runs  In  mjihI  it.  What  piiit;iilan<'  ot  loss  there  is  in  biiielting 
the  New  (.'uledoiiian  ore  is  not  stated;  hut  the  loss  during  lieap  roasting  should,  of 
loiir-c  hi'  avnirled,  so  that  the  tot.il  loss  ef  nickel  from  the  New  (  alednnia  ore  slmiild  he 
lesa  than  fiom  Canadian  ore. 

The  advance  from  year  to  year  in  the  prod  ict ion  of  nickel  from  Canadian  ore  is 
luoro  rapid  than  that  from  New  Caldonian  ore,  so  that  our  mines  appear  to  bo  gaining 
Kronriil  as  compared  with  tliose  of  our  rivals. 


/Minerals  of  the  Sudbury  Nicl<el  District 
PVKRHOTITH 

Till'  eharacteristir  siiljihide  of  the  Sudburv  mines  is  pyrrhotite  or  magnetic  prv'te*, 
which  has  already  been  des(ribed  in  connection  with  the  ore  deposits.  It  is  a  mineral 
01  -"inewliat  varialile  ioMi|K.siliuii,  runnini.'.  a.-,  ■•r.liiii;  In  liana,  frmii  KejS,.  In  Ke,,, 
Si  ,  Imt  always  iiiiitaiiiiiiir  a  little  iimre  sul|iliiir  iliari  inm.  In  the  Sudbury  rei/inn 
it  is  almost  alway.i  massive,  with  little  hint  of  crystal  form,  though  at  a  number  of 
mines  it  shows  a  platy  structure  suggesting  a  basal  cleavage.  Almost  the  only  crystal 
on  record  is  one  olituined  by  I'rof.  (;.  It.  Miikle  from  a  niiiier  nt  Worthiiigton.  He 
describes  it  thus:  "The  crystal  is  evidently  a  hexagonal  prism  showing  .strongly  marked 
basal  cleavage;  twn  i,|  the  .sidi«  are  intact  aiul  portions  ot  two  others  remain.  The 
dimensions  are  1  .'!  10  inch,  or  32  mm.,  by  i  inch,  or  13  mm.;  the  weight  'J6.4  grams; 
and  an  analysis  of  a  very  smalt  fragment  from  the  crystal  gave  2.3  per  cent,  of  nickel." 

In  general  it  is  stated  that  the  pyrrhotite  itself  contains  no  nickel,  the  metal  being 
carried  by  enclosed  pentlandite;  but  the  above  »naly.-is  shows  that  apparently  pure  and 
crystalline  pyrrhotite  may  contain  it.  Kxperiments  in  magnetic  separation  of  the  finely 
pulverized  ore,  carried  out  by  Pr,  Harlow,  Dr.  Dickson  .iiul  itliers,  slmw  limvever, 
that  in  general  the  nickel  belongs  to  a  non-magnetic  mineral,  which  must  be  pent- 
landite. 

pyrite 

Iron  jiyriti'S,  l-'eS ,.  i<  I'liiiiid  at  many  nf  the  mines,  its  pale  Kras.sy  yellnw  color  and 
its  hardness  distinguisliing  it  from  the  previously  mentioned  sulphides.  It  occurs  as  well 
formed  octahedra  embedded  in  the  pyrrhotite  at  the  Blue  lake  and  other  mines;  and 
cubes  of  pyrite  are  found  in  small  fissures  with  qnartz  and  calcite  nt  Klsie  mine.  An  assay 
of  tlio  latter  pyrite  showed  no  nickel.  Prof.  T.  1..  Walker  has  found  pyrite  with  the 
pyrrhotite  troiii  the  .Murray  mine,  and  believes  that  nickel  is  contained  in  it,  replacing 
part  of  the  iron.s.i  His  analysis  of  the  pyrite  gives  4.34  per  cent,  of  nickel,  39.70  of 
iron,  49.31  of  sulphur,  and  5.76  per  cent,  of  insoluble  matter. 

MARCASITE 

The  rli. .Millie  variety  1.1  li.-,  ..iiiiis  In  several  iiiiiies  and  is  coiiinioii  in  ..re  from 
the  Worthington  offset,  especially  at  openings  northea.st  of  the  mine.  It  has  not  been 
found  in  crystal  form,  though  its  whitish  color  and  general  appearance  are  characteristic. 
An  assay  of  the  Worthington  marcasite  by  Prof.  Walker  showed  1..5  per  cent,  of  nickel, 
and  similar  results  were  ohtnincd  by  Dr  Ilillebrand  .if  the  T',  'v  .Survey,  wlm  loiiml 
4.57  per  cent.  It  is  probable  that  pentlandite  is  mixed  with  tho  marcasite.V  It  should 
be  mentioned   that  tue   mineral   here  spoken   of  as  marcasite,   shows  no   crystal  forms; 


so  that   it   is  f.omewhii*. 
of  pyrite. 


tain    whether 


rca'ly   jrisrca^itt?  or  a  massire  variety 


St. Am     Jonr.   8c. .   3r(l   Series,  Vol.    XI.VII,   pp.   312-14. 

S4C     S.    C.    1890-91,   Part   S8,    p,    116. 
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Pl£NTLAM)irE 

Thp  most  important  mineral  belonKing  to  the  Sudbury  ore  depoiita  i*  p«ntlandite 
(Ft>Ni)S,  since  in  most  cairs  this  is  tlic  actual  nickel-bearing  constituent.  Though 
it  is  supposed  to  be  mixed  intimately  with  all  the  nickeliferous  pyrrhotite,  it  cannot  lie 
distinguished  in  the  ore  at  most  of  the  mines.  The  best  localities  to  find  it  are  the 
Worthington,  Crcighton  and  Kvans  mines,  liut  even  in  tliwc  (ifs  oni»  must  often  search 
carefully  to  lee  the  paler,  slightly  yellowish  patches  charactcriied  by  a  distinct  octa- 
hedral cleavage.  No  crystals  have  been  found,  but  cleavage  surfaces  of  a  ihird  of  au 
inch  in  diameter  may  be  obtained.  The  ratio  of  nickel  to  iron  in  pentlandito  is  generally 
given  as  variable,  but  with  more  iron  than  nickel,  aa  a  rule.  The  Sudbury  pentlandite 
contains,  however,  a  larger  amount  of  nickel  than  of  iron,  as  may  bo  seen  from  the 
following  analyses,  No.  I  by  Prof.  IViili.  I<|8~.  .\,,<.    I|   tn    IV  by   Dr.  Dickson.« 

I.  II.  III.  IV. 

«1 3-123  34.62  33.70  34.08 

2" 85  .84  .78  .86 

J« 30.25  30.00  29.17  30.04 

5 33.42  32.90  32.30  33.30 

Oaoiua 67 

99.42        98.56        95.95        99.17 

MILLERITK 

Millerite,  NiS,  crystallizing  in  hair-like  forms  or  slender  prisma  of  brasa  yellow 
color,  is  the  richest  nickel  mineral  found  in  the  region,  since  it  contains  64.6  per  cent, 
of  the  metal.  It  is,  however,  very  rare,  though  in  earlier  studios  of  the  deposita  it 
is  sometimes  referred  to  as  disseminated  throuch  the  pyrrhotite.  It  has  been  found 
at  Copper  Cliff  by  Dr.  Peters  and  Dr.  Dickson,  the  latter  considering  it  secondary  after 
pentlandite.  Prof.  Walker  and  the  writer  found  slender  crystals  of  it  in  the  rich  nickel 
ore  of  the  Vermilion  mine. 

POLYDYMITE 

This  mineral  has  been  described   from  the  Vermilion  mine  by   Messrs.   Clark   and 

•  Mllett,""    whii    irivcs     it    the    .•oiii|..„iti,,n     M.I-Vk,.      .\nalys.-s    ar..    ktivrn     U-low,    I    Irom 
authors  mentioned,  TI  from  Mr.  Browne:" 

_,  1.  n. 

2' 41.9«  S«.8S 

'• 15.57  18.17 

»„ 40.80  38.43 

S°n 0.62  4.47 

oiO.       102 

Totals 99  97  98.45 

The  mineral  from  the  Vermilion  mine  is  gray,  very  easily  tarnished  and  verv  soft. 
On  the  ore  dump  it  quickly  decomposes  and  loses  its  metallic  lustre  Quite  large  lumps 
may  be  obtained  almost  free  from  other  minerals,  though  there  are  generallv  streaks 
of  chalcopyrite  running  through  it. 

NICKELITE  uR  NICCOLITE 

Kupfer-nickel.  NiAs.  was  the  earliest  source  of  the  metal  and  is  one  of  the  richest 
oree,  containing  43.9  per  cent,  of  nickel  Its  pale  copper  red  color  and  metallic  lustre 
make  it  a  striking  mineral,  and  suRcr^t  the  presence  of  copper,  from  which  the  original 
name  given  it  by  the  German  minors  was  derived.  In  the  Sudbury  region  it  has  been 
found  only  on  tl,o  Worthington  proprty  and  some  openings  on  the  same  offset  to  the 
northeast.  The  recent  find,  in  the  s  .Urr-cohalt-niokcl  mines  near  lake  Temisk..m,ng 
are  often  very  rich  in  this  mineral. 

JjAm.  Jonr.  8p.  (3rd  Series)  Vol.  XI.V.  1893.  pp.  493-4 
MTrans    Am.  Inst.  Min.  Enj.,  Vol.  XXXIV.  1904,  n    21 
«7Am.  Jonr.  So.,  Vol.  XXXVII.  18S9.  p.  S72-4 
««Enf.   Mfn.  Jonr..   Vol.    LVI,   p    566 
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UlMSDOMWiVV. 

Tliw  iiiiiitTttl  1^  »lso  an  ttrbi-nide  of  imkul,  NiSAh,  l<ut  with  a  UrgiT  amount  of 
arsenic-  »nil  aulplmr,  so  that  it  contains  only  ,i-'>,i  per  c<'nt.  of  nicM.  It  i»  white  to 
itwl  «>■»>■  '"  '"'"''  »"J  '*  'ou'"!  atsociattd  with  niiki'liti'  in  the  \V0rlh11n4ton  offaet, 
where  it.-,  iiaiui-  has  been  giveu  to  a  prospi-ct,  the  Gerndortlite  nunc. 

The  l()rej;"'"B  minerals  are  the  only  ni  el  miiieraU  proper  occurrinu  in  tLe  Sud- 
bury district,  and  apparently  the  only  reiiUy  important  one  is  pontlandito.  The  other* 
are  n.'ver  found  in  the  larger  mim-a  aloiiK  the  mart;in  ol  the  nickel  oruptivo,  but  only 
alon^  the  offset  deposits,  and  usually  at  a  dihtance  from  the  edge  of  the  norite. 

In  lb'J'2  Dr.  S.  H.  Kmmons  described  three  new  nickeliron  sulphides  from  the 
Sudbury  rc'Kion,  folijerite,  whartonite  and  blueite,  with  amounts  of  nickel  running  from 
3.ru  per  cent,  in  the  lust  to  31.-1.J  in  the  lirst,*J  but  later  writers  hold  that  hi»  deter- 
minations were  made  from  mixtures  of  minerals,  i'rof.  I'enlield  considert  the  folgerite 
reilly  pentlandite,  the  blueite  nickeliferous  pyrito  and  the  whartonite  a  mixture.*" 
Mr.  Mickle  gives  the  following  account  of  specimens  resembling  the  blueite  aa  described 
by  Dr.  Emmons: 

"A  peculiar  grayish-green  bronze-colored,  non-maguetic  mineral,  which  tarniahiM 
t«j  a  dull  bronze,  wae  found  by  Mr.  McVittie  on  the  location  where  tha  Gertrude  mine 
now  is.  The  mineral  occurred  massive,  with  small  crystals  of  magnetite  and  specks 
of  chalcopyrite  diancminated  through  it,  in  a  streak  about  si.x  inches  wide  adjoining 
the  granite.  An  analysis  of  the  mineral  after  removing  the  magnetite  gave  the  follow- 
ing result*: 

Found.  Caloulat*^. 

Iron       37.28  per  o«nt.        41.48  per  eent. 

Bulphur 46.54  p«r  cent.        51.79  per  cent. 

Niokal 5.95  per  cent.  6X2  per  cent. 

Copper 0.10  per  cent.         0.11  per  oent. 

Insol 9.6*  per  oenl. 

99.63  100.00 

"  AsHMIiiiin;  till'  I'liiMiKwilioii  tn  In'  Kc  S,.  Ni  S  and  ( '11  fr  >.  : 

41.48  per  cent,   of  iron   requires  47.41    per  rent,   of  Kulph.ur. 
6.62  "  nickel         "        3.&5 

0.11  "  copper       "        0.11 

which  agrees  fairly  closely  with  the  amount  of  sulphur  found  in  the  calculated  com- 
position, vii. :   51.79  per  cent. 

"I'olishinK  one  side  of  the  specimen  shows  that  the  piece  is  not  homogeneous  but 
ifsemble*  a  porphyry  in  structure,  consisting!  of  a  ground-mass  with  crystals  imbeddwl 
in  it,  the  crystals  having  a  more  yellowish  color  than  the  (jround-mass.  Etching  reveals 
a  cellular  structure  in  the  ground-mass  of  alternate  light  and  dark  lines  somewhat 
like  the  surface  of  meteoric  iron  or  certain  steels  when  similarly  treated.  Surroundina 
the  crystal*  is  always  a  dark  rim.  A  similar  peculiar  grayish-green  bronze  mineral 
from  t'alumet  island,  Ottawa  river,  came  to  my  notice,  containing  2.64  per  cent,  of 
nickel ;  also  one  from  the  ninth  level  of  the  Copper  Cliff  mine,  the  light  colored  mineral 
forming  a  band  in  this  oase.  In  the  examples  at  hand  it  does  not  seem  possible  t» 
si'pnrat.'  the  different  components  in  order  to  analyse  each  separately.  Emmens' 
blueite  with  a  probable  composition  of  3.70  per  rent,  of  nickel,  41.01  of  iron  and  66.29 
->f  sulphur  agrees  in  description  with  the  mixed  sulphides  just  referri>d  to.  The  per- 
centage of  nickel  no  doubt  varies  according  to  the  relative  amounts  of  crystals  and 
ground-mass." 

We  may  conclude  therefore  that  the  three  supposed  new  minerals  should  be  omitted 

from  the  list  of  nickel-bearing  minerals  of  the  region. 

CHALCOPYRITE 

Chalcopyrite  or  copper  pyrites  is  always  found  a.ssociated  with  our  nickel  ores, 
though  sometimes  in  small  amounts.  Pyrrhotite  and  chalcopyrite  are  often  intimately 
mixed,  as  shown  in  previous  chapters,  though  there  is  a  tendency  for  the  copper  pyrites 
to  occur  as  narrow  stringers  in  fissures  of  the  country  rock  more  often  than  pyrrhotite, 

•9En(.  MIn.  Jonr..  1892,  p.  609.         «oAm.  Jonr.   So.,  Vol.   XLT,  1893,  pp.   493-7. 
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iK-velopment  of  the  \iekcl    KIcId 


Ml 


a>    II    III..  .<,|.|ii.r    |.Mit.>   »,■!,■  il,..    „„„,.   „|„|,,|.  ,,|    ,|„,   .„..  iiiiii.'IhI ,1    ,i.       ,|.   ,,| 

'"I ■■  I'M""-  l"'»'-  I'"'   >"■'>'    I I   III   tl,..  S„.ll..ir>    r.tM.t,       Thr  , |H„ii,..h   Ml    |„., 

I-Mitc^,  Cii  fe  >  ,  IS  ...i,-l,>„i  .„„{  111..  «,,.,,„,  I  j,.||,,„.  ,.,.\„r  „,„|  y,.,„.r„|  ,|  ,i,„l,i  .,1 
the  iiiiii.r.il  an  lamilmr.  I--  u  i  lIi-cmi  ,  ,,l.,r,  ..l,,.,,  li.i  iii.lir.l  u.  ,tnl>.|in.  hihI  mu 
|jt'  ii«tm-il  iiM  any   wt^Iu  diiiiip  ul   tlii.  iihiun. 


HOkMTIi 

The  Vermiluiii  niiii-.  hIh,  li  ,ii(r,.|s  v,  ii,ti<>i  iinin  th,.  ,,t|ii.|>  in  In.-  .Iistri.t.  ih  tin- 
only  on.,  in  nliKJi  tin.,  iiiiii.  ml  |,„,  l„.,.n  noti...!       It  „.,,ii>  «itli  ,,iiurt«  iiiiil  rliiij.  ..|,vrito, 

l.nt    III    small   .,Mantili.. K       CIh.I.-.m  it...    ili..   |,ui,     miI|,I,„|..  „I    ...piM.i.    „|„,,    !„„   |,.,„ 

M-|i.irtp.|  lioin  this  mm...  ami  naiiv..  ii>|>|i..|    vva-  li.iin.l  at   tli..  mm.,  iii  .ailv  .lays 

MOI.YBDIiMlK 

AnmiiK  th..  mm.iaK  at  W  ,,i  t  liiimtuii  ,Hva~iuiiall\  a  x,.am  .it  l.a,!  yiay  ii,  x  l,.|.iiil.. 
is  tound  irosMnn  th..  pyrilmlit..  „r  partly  .-m  li.>...|  m  tli..  i;i....n-i.,n<..  Init  tli.  aiM...iiit 
is  v«ry  Kmall.  It  swnis  to  liave  been  a  later  deposit  in  fiuurea  cutting  the  or*  and 
nmntry  ror'k. 

OALHNA 

Th..  ..nly  ..III.  I  Milplml..  ii,in,.|«l  m  a.l.lili.m  t,,  il„„..  ,|,.s,  i  iL.-d  al,..v.-  m  galena. 
I'liS,  win,),  „(,  iir^  Ml  Miiall  amounts  as  narrow  s,.hi,i.  H,t|,  a  little  quarf/.  or  endos,,! 
in  the  ore  Hithoiit  .|iiart7.  in  the  („pp,.r  (  liff  »n<l  .,lh.  ■  iiiin..s.  The  galena  may  B<<ount 
for  a  part  ot  the  sih.i  aluay.s  found  in  a<,.says  ol  matte,  t>,e  rest  beinn  contaiii.-d  in 
the  copper  pyrites. 


SPBRKYLITE 


'I'll.,     platmimi 


ars.iiid...  nanit.il  liy  l'..|,(i..|,|  anil  \V..lls,  sp,., ,  v  |,t,..  il'iXs-Ji. 
was  tirst  obtained  from  the  gos.saii  of  the  Vermilion  mine,  hiif  alt.ruards  Irora 
the     Victoria     iiiine,     then      call..d     the     McConnell     property.  I       was     named     for 

Mr.  F.  L,  Sperry  of  the  Canadian  Coper  Company.  As  the  first  natural  com- 
pound of  platinum,  it  has  naturally  attracted  much  attention  fiom  mineralogisU. 
Jt  is  a  tin  white,  metallic  looking  mineral  in  tiny  crystals  belonging  to  the 
isometric  system  and  show  inn  many  of  the  planes  found  on  pvnt...  .Mtlioimli  th.. 
crystals  are  minute,  the  largest  not  exceeding  a  diameter  of  limm,  or  about  1-18 
of  an  iii.h.  the  planes  are  perte<.t  enough  to  measure  a  large  numb.r  of  angles. 9'  The 
sp.citic  gravity  is  10.0,  so  that  it  is  probably  the  heaviest  min..ral  known  except  the 
native  metals.  It  is  generally  obtained  by  panning  th-  gov-an  of  tb,.  mines  mentioned, 
where  it  occurs  along  with  gold. 

An  inv.stigation  of  th..  McConn.ll  pi-op..rty  by  Mr  Mi.kl..  in  1S!I7.  s|,„w..d  that 
hperrylite  was  g.nerally  distributed  tbrougli  not  .miy  the  u'ossan  but  also  the  Milid 
ore,  his  assays  .bmonstrating  that  the  platinum  is  associat.d  with  the  copper  rather 
than  the  nickel  ores,  though  some  is  found  in  the  latter  also.  The  average  of  six 
samples  of  solid  ore  gave  a  trifle  over  .1  dwt.  „f  platinum  an. I  a  litil,.  g,,l,|  p.T  ton. 
while  pyrrhotit..  with  little  copper  pynt.s  gave  .•onsi,|erabl>  !,.-s  than  tl„.  averag.' 
and  one  ,  vampl.-  of  ore  with  much  chal.opyrite  gave  7  dwt  ]•.'  gr.  of  platinum  an.l 
a  trace  of  gold.  His  high.*t  assay  show.>d  I  „/.  ;i  ,iwf.  „f  plat  mum  and  .3  .|wt.  i.i  gold 
from  (li.(.omposed  ore  resting  on  the  solid  ore 

■rb,.se  iftsMlt..  -uggest  an  appreciable  mcn.ase  in  tb..  value  of  tb..  matt.,  from  Victoria 

mine  as  companil  with  the  other  mines  in   the  district,   wh.  r..   tb..  amount  .,f  g,,|,l   and 

platinum  in  tb..  ore  ,-..ems  to  be  much   l..ss.   sin...   tics,.   iii.taU   aii.i    al-o  tb..   silv..r   are 

con(.ontrftted  alnn^  with  thn  r.i.-k^^J  a»".d  f-t"f»'."fitT  in  t^n  •7-T--n    ar-.?     t    .''  •  t? 

.=.  .  .   El   t  a..u  t-u^jpcr  in  inc  nia«.tC,  ana  oh.iiuu  oe  lecoverable. 

2     p"  58*'°'    """*    ^'''''""'""*'-    ^•b*'-    Sperrylite.    Zeitschrift    fur    Kry.t..    Baud    5«.    Heft    1    and 
11     .M.    (HI) 
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I,  ,     ,.,   ,1,1,  I,    t   1,,    .  ,    1 1,,,  I    |ij      hi.  ., I  .|  111  I.    .1   l.ii:;.    ii'iiii' .(,.  II  villi    I  r\  -IbI. 

II,  ,,lii..  -I    (HI   •    I  ii.ili  .i|i>  I  111-  iHiiii   III.     \iiiiiii.i  iiiiiM-,    lull    III. I    111   tli4.  otiiii    -.nlli'irv    i.r<i» 
.  \,iitini.  li  ' 

^|.iii>iil.     ii.iiv    I.I    |..i.Imi|   i.n    .1      III.-   >.iiiM'-   ..I    III.'    |il.<iiiiiiiii    iil»i>»-    l.iiii.l    111    >iiil- 

l.iii.i    iiiiiil..-.   i.iiil  |..  il...|.,-   Ill I   ..ill    I    11..I..I     ..1    III.     |.i.iiii..iii.   .i....)!     ili...i;;li   III-    iKii:" 

,11 1,1     ..I     |i;>il.i.li<il. l.tl>      l.|..|l..l     li il ii'.      I       11"'      .1 

.  Ill  1 1 1    ,|...-iii..  I   .1.  i; I.   I    "      1 1 Ill    'I    '"'• '^  -' 

I'lT      lllll 

Arientc 

Arililiiiiliy 
Platinum 


1,1       i.^      .111 


JII.M 
II  'K) 

KS7 


Khuaiiiiii 
I'  iII.hIiiiiii 
lri)ii 


0  07 

4.l>2 


T.il.il  ')''<'' 

^111,,.    It.   ,| iitii.i,    III. Ill    ll.i     ^.|.|l.in\     1.L..I..JI    -li.inlit.-  Ii.i-    '■..■II    luillnl    ..^-■"iali<l 

tt  III,  .  ,,|i|M'i  ..1.  Ill  Mil  11.11-  1.1  III  I  |i,ii  I  -  III  III.  »..i  l.|  -.1  I  lull  It  I  1111  III'  Iniit;.  I  I  •■  li«iki.il 
1.11    a>    a    iitiii|ir     ..i    -|ii.<  iiill>     i,ii..    ii,iin-ial 

11 liK       i.lllil       klliiMll       li.illllU       li.l        It       11,      f. 111. Ill, 1       IS      (    ..|.|..  I       MliiUlll,llll         Hiitnli 

(iiliiiiiliia,     "I II     »ii-      li.iiti.l     Hilli  l.iiiiiii.       .iml      ii.|i|i.  t      |niii.\s      l.>      Ml        Juli« 

(  atlK.riiK't    •' 

|l«   |,r..-i Ill    til,.    111.  k.j    -   III  Niiiw.is     1^    ml. 111. I    li\    \  ..i;i .   miu.    aiial\~'''^    nf 

liiatli.  ^lii.H  llial  |ilaliiiiMii  1-  |iii-.iil.  I. lit  til.,  a.iiiiil  x|i.inlil.-  lia-  imi  I...11  lnunJ 
111    ScaiiUiiiaviu. 

.MA<iM;Iiri;  AND  TITAMIIIROl  S  IRON  Oki; 

III    liasic   riicKs     VII,  ti    a-    iimil...    itinmi.'l  it.'    m     I  it. 1  nil. .i.  11-    it.ni    1.1 li.  in.  nil.-    iv 

aluiix-     [iiiviiit.    ami.     n-     iiuylit     liiivi.     hccii     i.\|ii.rt.  .1 ,     tli.-v..    miiiiialv    .iii'    nlt.n    ili^- 

Miiliimti'd    111    III..    111.  ki'l    .ii«.~        Wi.ll    IkiiiU'iI    m  lain  ili  11    ai.'    .  imi 11    1.1111. i-"!.!.-.!     ill    thi' 

liMiliiitito  triMii  tli>.  l.i.\H.k  111111...  HMil  a  iiiii~-  1.1  iiiaL'ii..tiI.'  111.'  iiiii~  III  ".icli'  «a-'4 
ti.iiiiil  I  i.inpli.ti'ly  ciii  l.k-cil  III  ill.,  oil'  at  (lara  H.ll  iiuii..  iinilli  nl  (  ,.|i|i..r  (  lilf. 
S|i..(ini..|iv  at'..  i.ailil>  ailiinl.-.l  l.\  tin-  iiia..iiiil .  -1.  lliat  11  iv  mil  lnulilv  I  ii  a  iuLtihis  ; 
ami  It  iiililalli-  t;raili-  ..I  |i\  I  llii.t  il  .■  ami  1  liali  .>|.\  1  it.'  a^  Hill  a^  -mall  |i..rtl..li~  iif 
a  iir.Tii  siliiat...  'rilaiiilii  .>ii-  iimi  m.  "a-  I..11111I  111  .vtnall  i|iiaiil  it  i..-  I.\  I'n.l  Walk.'r 
III  i.ti-at  III.'  Mmiay  iiiiii...  ami  mam  nl  ili. -111111  -.1111.11-  ma.l.-  In.in  tin-  tin  k.-lil.ri>iis 
iiiiiili-  iiiiitaiii  inaniictitc  siirroiiiulcil  liv  li-iiiDMiit'.  showiiis;  tliat  the  iinweathprod 
miii.'ial    ('i>iilaiii|.il    t  it  am  inn. 

cassukkui: 

Till-  iiiilv  ullirr   (isido   of   iiit.-ri'st    ill    -In-   tin  k.l    i.ii-s    is   las-it.-i  it.-,    i.r  i>\i.l..   ..f    tin. 
«lll.ll     «a-    I. .mill    l.\      \l.--l-      I'.litn  111    ami     Will-     al..li!i     »llii     1  In      -p.livlll.      Il..ni     \.  1 
iiuliiiii    miin-.       I  111-    i{iiaiili1\     1.     iii-inntin  ant .     Iiii\\.-\t'r. 

NATivi;  .mi;tai.s 

.\all\ Ii|"  f    lia-    ali.aih     I, .-in     m.-lil  n.in  il     a-    nn  11 11  i  ii'_^     m    tin-     \'.  fin  1  i  n  .11     inim-. 

mi  ilinilit  lis  a  (;nssnn  product.  (wild  1-  111. m-  coninuiiily  found,  as  sninll  colors,  in 
111.,  ^ii-'.ali  at  ill..  V..|-|iiillnli  ami  \'iil.iila  inili.-.  a-  -linnti  111  a  |ili-\l..il-  |.a  1  ajl  a|ili . 
Ill  .arlv  ila\-  it  iiiiilil  I...  iniiiniil  Hitliiiiil  ililliiiill\  at  Imtli  l.w  alitic--.  ami  tin-  -iiiiill 
aiiiiiiint  i.f  i;iild  i.litnim-d  fr.mi  lln-  tii.Ui-l  inaili'  of  all  tlio  min(>«  is  no  doiiht  to  be 
a.  ■  oiiiit.il    li.r    liv    til.,   jii.-.in..    lit    III-..    t;oli|    in    tin-    or.-, 

Wli.-Miri  tin-  \i'i>  ( ini-nl.  I  al.li-  ,11111. iint  i.l  |iallailiiim  iil. tallied  liuin  ('i.|i|..i  (liff 
matte  m.ur-    iiati\i.  nf    i..  Imnj-   tn    -nm..  1  iiinpi.iitnl   r.'-i-inliliiiL;   -prrrylitc    i-   m.t    Umnvn. 

A     -n..,!!     i.irf     ,.t     tl...     -ill...-     ill     ll...    ,,i;,tt..    ......In.l.U      .-..nl.     ....ij...,     n!!,.^,„l     nill;     TJ,.,    ^,,1,1. 

Qi  .\m.   .I.iiir.   ."Sr  .   Vol.   I.    IFIf.   p.  11?:   anil  Tr.inn     Am.   In»t,    Minine  Eng.,    Vol.    .\  X  X 1 V .  p,    II. 
0.  \ni     .I.-ur.    Sc  ,    Vol.    XXXVII.    1889  qF,.    V.   .T..    190S,    p.    125, 
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Development  of  the  Nickel  »'ield 


IftJ 


(iOSSAN  MIMiKAI.N 

All.l.,^l     .11     ih..     in,  k.l    .i..p..,,(,     Imiw     Ih..i,    a.  I,., I     .,„     |,^.     ||,..     „,.at|,..,     ,„„..     tl,« 

rl...  i,.l     ,..  ,„„|.    .,imI     .,,..     „„.,.■     ,„      I »,.,,,!      >,,,!,     ,. „  ,,„..     inmlil     „ ,..||> 

.•xp.-t  ..,  I.M.I  i,.,K,.|  ami  ,.,,,|,..r  ...,„|„.„M.U  ,„  .1,..  «,„,..„,  !.,„  ..,,,.»i...,tl>  th.-M. 
.om,mu.,.ls   »r..   ,nur,.    ,„l„l.l.-    t|„.„    ,[,..   „„„   „x„|...     ,.„.|    „|'   •••   -I.-    I»— M.    „„lv    ir..-., 

"•    ""'"'    '"'"•    '■•■'•"    "I"'"'.!    tl >; II,..    ^,.,„„    .,„„„,,      .,,,,,,.,,.i„|,    ..„ 

Iiri.ly.   ol    li,n...iit I,x,ln,u,   ..v.,|„i„v„l,.  ,„    ,,.,„,    «,„.^..   ,,„,,    |„„„.„   ,„,,„    ,  ,,„r„.,.„ 

u.«  th..  <J..|).«,t»      l'H,t  ..t  th«  limoniU.  ,hows  .  dark  brown.  .■.„„  n.tion.ry  .|>p»..r.t.<«. 

«lirl.-  .,tl„.|    |,.,rt«    .11.    .nrtl.x    ari'i    v.ll.,»,r        \.    tl„    (   ,,ii.;l.f.ri   Hi.  r.-    ir    |.,..,.  .  ,    >,.,»' 

p.,t..v    .oii....t,„„»o     unmtt:,    ..,    tl,.-    ,«.,t,.^    „l     tl...   h..,-»m      «|„|..    „,|,..,     ,„„ts    ha>.. 

>    hr.xnai.Hl    »|.|'.»i»n, .-.     angular     li«K„„.„t,    ...    t„uk    r.^d    ..i    >.  ll.m     I into    Ih,.mk 

'■ ''"''    ''■>    '^'"■''     '•'"""    '"     '■'■'■"    i.i.-ulh.    i„.kHm    l,l„.k     l,n,„i,,f      t(,..    lKl.l.T...lorrd 

bl.Kh,,  hrst  d..|m„t..,|  a.  inM.l.  l,av,M-  .liu.l  ,.,„|  k|,|.,.  all., «,,.;.  ti,.  ,|a,  i,  ;ai,.ty  l„ 
fill  tl,..  f.p»<-<-«.  .'^niP  ..f  the  icoMoii  dpp.,«it,  ,„iKl,t  almost  U  ii..d  m  iron  ore.,  «u 
compl.'t.l.v  liav.'  tliP  giilpljidca  b.-.T,  d.rnnipoM-d 

»\brn  damp  tbire  ii  a  p.-<  uliar  odor  connwt.d  with  tbe  pyrrbotite  d.-po«iU 
.H.niiMK  Iron,  tb.  s.dpbat.s  r.,.s„lt.„K  lr„i„  . h«  a.t„,„  .„  ..xv«..„  „,„l  „at..r  on  tbo  or.. 
F»rro,u.  m.lph.t.*  and  donbtl-ns  ,ulpbat.«  ol  ■  .,pp..r  and  n,.k.l.  ar..  lormed  .n  nature 
like   th„    sulpbatv,    «b,.h    «pp..ar    in    .aviti.-,    .„    tl,..    roast     heaps.      The    only    mineral 

'"  ""■     •"'"'     »'"■''     '"-     '-•"    ■l'-ril,..|     ,-     \|.,„„,,Mt „,k.-l   v,lr,.,l     N,so.     7||(.) 

which  o<.ur.  as  a  «>..mkI,  «b,t,.  a„d  pal,.  appl.-Kreon  incru-tation  at  the  Oer^ 
dorfliti!  and    U  urtliuijiton    miin-s  j. 


OANdHli  .MINBKALS 

In  .■•ln,o,t  •,11  ..r«  ,I..posi:8  tbf  uaiiRne  minrraU  are  much  in  evidence  and  reciuire 
d.^mption,  but  w,  tbi.  r.-sp,Ht  the  Sudbury  nukol  reRion  .«  an  .-xcept.on.  L.-aving 
out  ol  Tiew  the  rock.forn,inK  minoraU  of  the  noritc  and  tho  ^ranit..  or  Kreon^to,,., 
ot  ,ho  country  rock  on  the  ,.pp.«u,e  .s.do  of  th.  ore  deposits,  RanKue  mineral,  are 
practically  .bs..nt  in  tho  m«r«,nal  type  of  deposit,  and  play  a  very  ,nconsp.cuo,m 
part  in  mo«t  of  tho  offset  deposits  Then,  are  a  fe«  later  liKsures  at  CreiKht^n  KIsIe 
and  other  marginal  mino«  in  which  .,uart7.  and  c«rbonat.>s,  «„ch  a.  calcite  dolomite 
an,l  ankerite  are  found;  but,  as  they  are  not  connoted  ,vtb  th-  .„rn,«t.on  of  the 
deposit  and  do  not   affect    its   character    appreciably,    thev    may    be    ncRlected 

In  the  offset  deposit.,,  such  a.,  (  „pper  (  liff  and  Vicf„ri„  ,„„„■.  .,„arl^  ,nd  the 
carbonate,  arc  more  common,  but  .till  form  only  a  trifling  per-entaRe  of  th. 
deposit.  At  the  Vermilion  and  Worthington  offsets,  ho.ever,  there  is  often  much 
.|U,-,rtz  with  n  varMng  .-.mount  of  cnrbon.nf.s.  .„iri.".stinu  .-,  .■.,nsi,|eral,|e  re-„rrn„u'e,„ent 
by  circulating  water.  In  some  of  the  offset  deposits,  as  at  Worthington  and  Cl.r.  Bell 
with  the  quartz  and  carbonates  blad.vlike  crystals  of  actinolite  are  found 


USES  OF  NICKEL 

The  metal  n.ckri  was  discovered  by  Cronstedt  in  17.M,  in  the  miner.,]  k-.,nte,- 
nnkel  (niccolit..  or  nickelite),  ohtaine,!  from  a  cob.-,lt  mine  in  lleMngl.nnd  ^^Jwden  -ind 
in  1„54  he  further  investiKated  the  substance  and  described  the  propertiw  of  the  metal 
The  mineral  knpfer-nick.l  look,  like  ,„pper  b,„  ,1,,.,.  „,„  ,.„„,,„„  ,„..  „,..,„|  ,|„.,„' 
pointing  the  miners,  who  gave  the  name  in  derision:  and  Cinnstedt  applied  th»  nam* 
to  the  metal.  It  was  not  until  177.5  that  Bergman  prepared  the  pure  metal,  however 
and  even  then  he  doubted  its  purity  because  it  was  attracted  bv  the  magnet  which 
suggested  that  it  contained  iron.os     It   was  long  before  a  use  was  foi.nd   for  the  metal 

n     turope^     though    its    alloy,     packfong,    rontainins    coEtJe!-.     ;:'•    hr'.    s:-..-!     r-.r.r.       !....!     ! 

known  to  the  Chinese  from   time  immemorial;  and   it"  is  said  that  "the  Bactrian   King 


♦.O.  e    0,  1892-3.  E.  p    r. 
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Kiitli.Ml.iiios  wlio  roiniieU  about  ^'30  U.  C,  oiiiplujcd  an  alloy  of  nickel  for  coinB(?e 
piiri)(iM>,  (oiitiiiiiiiiK  77  .08  ptr  cont.  of  copper,  :i0.04  per  cent,  of  nickel  and  1.7a  per 
cent,  of  impurities. 'V 

.Ml().\^   nl    iiirki'l  w.Ti'    n>.-.l   tliin    Ion-   l.rh.r.-   tli,-   piir i;il    ».i-    kn.aiii     v.rv    nnicli 

as  lironzc,  tlio  alloy  of  coppi>i  imd  tin,  was  nstd  tor  ages  before  the  metel  tin  was  put 
to  use. 

Nickel  alloy.s  with  many  nictaU  but  it.s  alloys  with  copper  and  zinc  are  the  com- 
monest, boinR  used  under  various  trade  names,  such  as  German  silver,  maillechort, 
arKcntan,  white  niotal  or  queen's  metal.  Uernian  silver  usually  contains  5  parts  of 
copper,  2  of  nickel  and  2  of  sine;  and  purkfong,  mentioned  before  as  a  Chinese  alloy, 
contains  about  40  per  cent,  of  copper,  15  per  cent,  of  nickel  and  45  per  cent,  of  zinc. 
An  alloy  of  20  per  cent,  of  nickel  with  80  per  cent,  of  copper  is  much  used  for  casing 
bullets.  For  subsidiary  coinage  an  alloy  of  75  per  cent,  copper  with  25  per  cent,  of 
nickel  is  M-ed  bv  the  United  S;ate~.  (;.i-many.  H.liiiuiii.  Itrazil  aTol  Venezuela  :  and 
similar  alloys  are  used  by  other  countries. 

Within  the  last  few  years  several  nations  have  adopted  pure  nickel  instead  of  the 
nickel-copper  alloy  for  their  coinage,  and  the  pure  metal  has  .nany  points  in  its  favor. 
It  does  not  tarnisb  and  change  color  like  the  alloy;  but  keeps  a  bright,  attractire  color; 
and,  as  it  is  harder,  the  imprint  stands  wear  much  better.  It  if  more  difficult  to 
counterfeit,  since  the  minting  requires  more  powerful  presses.  Switzerland  was  the 
hr~t  cuiitry  to  adopt  th"  i>iire  ni.kel  coinage,  i.i  188:1.  wlie.i  'JO-,  iMtiiii.'  (toui  .■.■iitsl 
coins  were  strucK  In  IS"J2  Auc."!.i  Hungary  put  in  circulation  four  new  nickel  coins; 
Italy  canio  next  with  -.'5  centessimi  itive  cents)  coins,  but  they  resembled  the  silver 
lira  CiO  cents)  so  much  that  they  were  withdrawn.  In  France  a  bill  was  pas.sed  in 
1903  authorizing  the  issue  of  25  centime  pieces  (five  cents),  and  in  1904  coins  of  the  same 
value  but  of  different  design  were  issued. 97 

The  fineness  of  nickel  used  for  coinage  is  from  97  to  98  per  cent,  pure,  and  the 
diameters  of  the  coins  mentioned  are  from  19  to  24  millimeters  (from  I  to  nearly  an 
inch),  so  that  they  correspond  nearly  to  Canadian  bronze  cents.  The  numbers  of  these 
coins  issued  by  the  nations  mentioned  already  reaches  into  the  hundreds  of  millions;  and 
they  are  so  preferable  in  every  way  to  the  dull  and  unpleasant  smelling  coins  of  copper 
or  of  copper-nickel  alloy   that  other  nations  may   be  expected   to  f(.llow   their  example. 

Why  should  nrt  Canada,  the  producer  of  half  the  nickel  of  the  world,  replace  her 
ugly  ce.'ts  by  clea.i,  untarni-shable,  nickel  coins,  almost  as  handsome  as  silver  and  much 
mori  ;rable?  Canada  is  presently  to  have  a  mint,  and  it  should  begin  iU  work  by 
..oinin.^  one-cent  and  tiv.-c.nt  piece-  nt  purr  nickel:  niakiim  ii-e  ol  ,i  di-t uictivelv  Can- 
adian metal. 

\  new  use  for  pure  nickel,  which  may  grow  to  be  of  great  importance  is  in  the 
manufacture  of  Edison's  latest  storage  battery,  which  is  very  much  lighter  than  the 
old  lead  storage  batteries. 

The  uses  of  pure  nickel,  other  than  tor  coinage,  are  not  at  present  of  great  im- 
portance, though  various  small  articles  are  made  from  it.  but  its  use  in  plating  iron 
or  steel  and  zinc  is  very  widespread  on  account  of  the  untarnishable  white  surface  it 
gives;  and   nickel  plated  articles  are  m  use  everywhere. 


MCKIU.  STEBl. 

The  value  of  nieke)  as  the  pure  metal  and  in  its  alloys  with  copper,  zinc  and  other 
uietnl-,  whero  the  percentage  of  nickel  is  considerable,  depends  lartr.iv  on  its  white 
color  and  tlie  fact  that  nickel  has  a  very  high  power  of  impressing  ite  whiteness  on 
alb"-   in  which  other  metals,   s'lch  as  c.ippcr,  are   in   prepi^nderance. 
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on  the  great  iinprove- 

loys,  even  when  present 

ith   their  close  relative 

for   tlio   three   form   a 

ipcrtits,   and   probably 

(;ist    pint,    but    alnays 


111   Its  alloy  with  iron  and  steel  the  iiMfiilness  of  nickel        •, 
nu'iit  III  St  length  and  otlior  properties  wlucli  it  imparts  to 
in   (piite  small  aiiioiints.     It   is  singular  that   irmi  and   iiic 
cobalt,   should    be  so  regularly  divorced    in   ordinary  ori'  dc 
natural    group   of  metals    very    much    alike   in    many   ol    tliii      i 
once    intimately    associated.      In     nieteciitts    iron    plays    the    1.. 

contains  a  si. .all  lurcentage  of  nickel  and  a  much  smaller  pc.centage  of  cobalt.  In  a 
lew  examples  of  basic  eruptive  rocks  we  find  the  native  metals  associated  al.so,  hut 
iron  ores  are  almost  always  devoid  of  nickel  or  cobalt.  The  ores  of  iron  have  undergone 
processes  which  have  removeil  the  nick<l,  probably  bwanse  of  the  greater  solubility  of 
its  compounds,  if  the  two  metals  were  associated  in  the  beginning,  as  seems  likely. 
One  of  the  most  striking  advances  in  iiufalliirgy  of  late  years  has  been  tlie  restoration 
ol  the  partnership  of   iron  and  nickel  by  the  production  of   nickel  steel. 

The  idea  of  using  a  nickel-iron  or  ste.  1  alloy  was  suggested  by  more  than  one 
scientific  man,  and  samples  of  such  an  alloy  were  made  and  more  or  less  experimented 
with  long  ago,  as  may  be  seen  from  the  following  extract  from  Mr.  Albert  Ladd  Colby's 
valuable  paper  on  Nickel  .Steel:  its  Properties  and  Applications. 98  Searching  through 
proceedings  of  .scientific  societies  for  the  past  80  years,  ho  has  found  a  number  of  refer- 
ences to  the  subject. 

Ill  IHL'L'  l^todart  and  Faraday  published  their  experiments  made  at  Slielllild  in 
the  nlloyiiii;  ,,\  nickel  and  iron.  A  little  later  Herthier  made  some  similar  experiments 
in  Frame 

"In  1830,  Wolf,  of  Schweinfurt,  Germany,  put  some  nickel-iron  alloys  on  the 
market,  which  he  called  'Meteoric  Steels.'  They  were  damasked,  <ind  I.iebig  comment* 
oa  their  magnificent  appearance  in  a  note  in  the  Annalen  der  Phiirmitcie,  and  states 
that  this  alloy  is  destined  to  be  developed  in  the  near  future. 

"In  I8'i.5  Fairbairn  published  some  experiments  undertaken  to  deterniine  the 
strength  of  some  alloys  of  nickel  and  iron  similar  in  composition   to  meteoric  iron. 

"At  the  Exposition  held  in  New  York,  in  IS");},  Philip  Thurber  exhibited  severfxl 
samples  of  nickel  steels  produced  from  a  nickeliferous  limonite. 

"In  1858  Sir  Henry  Bessemer  made  an  experimental  3  per  cent,  nickel-iron  alloy, 
with  a  view  to  making  what  he  termed  'Meteoric  Iron  Guns.'  He  did  not,  however, 
pursue  the  subject,   nor  publicly  refer  to  the  matter  until   189C. 

"Percy  in  his  Metallurg.v,  published  in  1864.  refers  to  experiments  conducted  by 
Richardson  in  his  [Percy's]  laboratory  on  nickel-iron  alloys  varying  trom  1  to  50  per 
cent,   in  nickel. 

"In  1870  Alex.  Parkes,  of  Birmingham,  took  out  several  patents  for  the  production 
of  alloys  of  iron  and  nickel;  in  18S3  John  Gamgee  made  nickel-iron  alloys  in  Connecti- 
cut; in  1884  A.  M.  Clark,  of  London,  patented  the  manufacture  of  a  malleable  ferro- 
nickel. 

"In  1885  frrro-nick"!  was  piannfactiired  at  Marbeau's  works  at  Mmitalaire  Kraiiie, 
tinder  the  supervision  of  Bertheanlt. 

"Tn  1,8S7  hjirhly  carhoiiiferous  nickel  steel^  were  made  experimentally  at  the  steel 
works  at  Tmphy,  France:  and  in  1888  and  1880  several  French  and  English  patents  for 
the  manufacture  of  nickel  steel,  and  its  applications,  were  granted  to  Marheau, 
Schneider,   Riley  and  Hall. 

"Tf  is  therefore  evident  that  the  advatitages  of  alloying  nickel  with  iron  and  steel 
have  been  known  for  some  lime.  The  credit  of  in-ikin"  the  first  ^v^Iimilii  ii-  si.rlis  nf 
practical  tests  on  nickel  steel  belongs,  however,  to  >fr.  James  Rilev,  then  of  Glasgow. 
wluisr  ehihor.iti'  nnpev  .  n  'The  Alloys  of  Niiki'l  and  Iron'  w:is  lend  l.\  him  on  M'ly  S 
jQCip  From  a  discussion  of  this  paper  it  appears  that  J.  \V.  Hall,  of  ShpfReld.  had 
been  working  on  similar  lines.  Imt  lijs  results  had  not  been  publicly  put  nn  record. 
Mr.  Rile.v's  paper  gave  the  impetus  to  the  introduction  of  nickel  rteel  in  a  cnmnier- 
lial  way." 

It  should  he  mentioned  that  nickel  prepared  by  the  Mond  company  is  now  being 
used  in  the  manufacture  of  armor  plates  for  the  British  Government,  so  that  the  former 
prijiidice    in   the  O'd  f'nuntrv  acainst    .Sndhiirv    nickel    ii  i^   Keen   o\er(oii'r. 

The  importance  of  nickel  steel  to  the  Province  of  Ontario  as  an  outlet  for  it« 
nickel  was  early  recognized  by  the  Bureau  of  Mines,  anrl  papers  on  the  subject  may 
be  found  in  the  volnnie^  for  180.'^  and  IHOli);  shou  iniz  its  valee  for  various  purposes, 
especially  in  the  manufacture  of  armor  plate 

i)»Proo.    Am.   Bnc    for   Tettinir  Maferinln.  Vol     III.   1903,   rr    HI    and   2, 
90  1893.   pp     147-16J:   1«)4,   pp.    182-198. 
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Siiii'L'  tli:it  tiiiif  iiliiio^t  ull  navit'^  liuvo  hfeii  rluthoti  in  nickel  steel  armor,  and 
there  liiive  1)11  II  iiiaiiv  applicatiunii  ot  the  alloy  to  (ither  purposes,  such  aa  the  bicyclf 
niaiiulu<  ture.  tlie  inakin);  ot  shafts  for  steamships  and  the  making  ot  steel  rails  on 
curved  pa:ts  of  railways  where  there  is  heavy  traliic  eausinn  great  near.  No  doulit 
the  great  improveiiii'iit  in  tlie  strength.  <  lastieity,  etc.,  of  stwl  imparted  hy  2  to  4  ptT 
U'lit.  ot  nickel  would  have  caused  its  use  on  the  large  scale  in  structural  steel  if  th:' 
co-t  of  the  nietal  had  he.ri  lower.  further  iii~t.iiiie^  ,if  new  n.sus  for  this  alloy  will 
he  found  in   Mr.   Colliy  s   paper'       ind   in    I):.    HmiIoh'^   ii|(irt."i 


Heiirv  UaiiL'iT.  Sudlmry.  a  well  kmiH  n  pi.i-pcitor 
III  ,;if  nil  kil  lii'lij . 
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APPFNDIX 

Nickel   and    Nickel    ^i.el 

Altlioiinh   iiiuili  lia.-  Imtii  wiill.'M   (111   nickol   ^tl'^•l,   the   Miljii'it    is  iil    MiH'ni.i.t    iiiiport- 
ai]i.'    lo    Uiiliiriii    tu    uairant    takirj^    it    up    (icrc,    jiMit  icularly    a-.   >i)iiu>    nt-w    (lociiniciitg 

in    till'    lii>tor.v   of    til,.    Milii.il     hav..    I ii    mviiiciI,    iliroiinii    tlif    kin«l(irss    of    Mr.    S.    J. 

l{it(  liii'.   ol    Akron.   (Iliio.      .Mr.    IfiKlno   wa^-  spiniall.v    inti-rrstccl    in   the   (lcvi'lopii;int    of 
oiii    nickil   .|,.po-it..  as  oni'  ol    tl ail\    oh  ..I'ls  of   riiikol   propcrtios   in   (Intaiio.   iiml   was 


.1.  Kitiliir.  Akron,  Olii...  a  pioiiwr  in  .icM-loping  iln-  .■;n.ll,iiiv  ii\,  ki-l  li.-l.l. 


iiistruniintal  iii  dr^.wnin  tlir  altonlion  ol  tlio  .Navy  I,>rpaitini-iit  of  Washington  to  tlio 
value  of  nukcl  st(.<l  m  ainioi  plati  s.  He  1ms  hwn  good  (.'noiiuli  to  provide  copies  of 
the  correspondence  on  tli..  miIi|(i|,  part  of  wliidi  is  he;e  reproduced.  The  work  of 
.lohn  (Janincc  in  applvmn  nukcl-iron  or  steel  lias  apparently  been  sonicwliat  overlooked. 
It  will  be  ob.serve<l  that  Ins  idea  of  iisiiiK  it  was  derived  from  the  proper'icvs  of  tli« 
ni(kel-iron  meteorites  'llie  report  of  Sir  Charles  i'lipixr,  then  llicli  Commission.^  or 
Canada  in  London,  is  of  special  interest.  .\lr.  Ftitihie's  communication  deali  with 
tlie  origin  ard  early  history  of  the  nickel  industry  in  Ontario  and  (;amKeo's  cx].  imcnts 
at   tile  WastnnKton    Navy   yard   is  as  follows 


loo  Am.  8oc.   for  Teitinj   Material«,   Vol.   HI,   up. 
H.  pp.   227-8. 
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'""       'll-'"^"^       •■•      lirk.l     .,,,,1      tl ,1^ ,1,..      ,,,,!,,. I     ||M|i|-r,v      ,1,      ,|„       v,,,||,,|,-y 

'I'-'""    l-l"il-.  il    '■ \l-.    hl-l    k,M,»|..,l^,.,,|    „i.k,l.   a-    „,.    .,ilM^    vMl ,V 

■'"■      "■•'"    '"     '"■'  I"    '''^''     ^'■"        I     'l-i"!.      ^'Iluu     1,.,.,     „;,,    ,.,„.l,.,„i.      ,n     >l.,     ,,.„.-    ,,f 

''"■   '"""    M'-i"i|'i'i   "ml    <M,||    -ti,i,  I,    ,.    „.||    K,„,„„    ,!,,„    ,|,„   ^,,,,,„^   ,,|    ,1,,^   ,1, -..;,.„ 

»,r    kill...l   l,v    Irost.      At   til.,  .lat..   .KU.M.I      I    „M-    -p.M.ln,.:    a    -.mhI   dn.l    ot    tini-    in    il... 

C1I-,        „|        Wil-lllliUf.lh.  Al        til.-       .,„<l,-      llCfi  ,,|,,i        ,„.,,|,,M,,.^       ,|„.       , .,,|.,„l,lh..        IMV         ,,«,, 

»;.-    one   ol    t|„.    ,„n-i    l,Mt,l,..l,nun..l    l-;„.^l,.|„„,.„     I    ..v.r    P,.t,    ulio...    n;,n„~w.„    .I„l,„ 

*■"'"-""■       "'■   M"'li'    I I'    "I     111-    tn.„.    ,„    ,„v     ,,„„„.       II..    »:,-    , ,,,.|„l    ,„    ..S|...MU,..„t 

"'"'    ''"" "''■" '""    '"-    iMi:ii:i,i:,ti.,n   »,.|it    I.,,     |„.w,,,,|    |,,~    l.,ln     :,t,,iv    l.-t-        II,.   |,a,| 

■  •;.,.. I;..    I„r    ti,l„,,..il„sis    HI    aiini,;,l-   ,ui,l    ,,,r   y\Uny    Irv,  ,     ;,i,„„m    I,, ink,,,    I,..|„...        His 

..■in..h    tor   M.ilmv   I. .v.,    u.-    M„.   ,1,,,.^   ,-.    .,    1,.,-r   ,,.,,m.Tat,„    - „   „),„!,    ,,    f.,,., 

';'";l"'""'""    "■'-     '"     '"■     '-""'■' I  ''lli-     -liil.     III.    |.,.,|,o-,,l     , V,.    a, „!     „.     til.. 

'''"'""'  '"'"■  "'"'■■■  ""■  '•  '■■•  •  ^l-'-l  .lll'l  '•>  ^ik.'  t|„.  ,,;„„. ,11-  n„  l,„;„,l  nl„.  .■  t  llOV 
»'l'-    '"    '"•    'illr.l     In     til,.    In, -IV     ,il|iM-|,li.l,.. 

,.      ■"•     '""'    '"■   1''^'"-    *"■' "'•      '•"•■'     >'■■'-    >.ii^i'.-    r,„ „„.„    on     Kpki..mic 

"'-'^'~'-  "'"'  "■"vni.,..|  ,1,.,  l„,„,„„.,„  „,  ,|„.  „„.,1„|„,  ,,,  i,„  ,.„„.r,,n-,..  He  asked 
""•  '"  -"  ""''  '""'  •"  'l'."  (■,„„Mi,.l..,.,  M.v,.,al  „!  ,l„.  „i,.„il.,  ,.  „.  «l,  .1,  I  „as  v,.rv  ,v..|| 
""I'l.Hiit.Ml  »„!,,  „,„1  „„1  (,,„,  ,„  Mr.irui-  .  f:„v,.  ,n„,.„,  app,  ,.pr  ia.  i..n  !,„■  tl„.  I,.|,I.I- 
ini;  ,,t  111-  r{.|ri(;oi-at,>r  sliiji. 

■I    .I..I    M„.,.,.,.,|    1,1    u,.|,,,m   a    pr,.riu-,.    M.mi    tli,     C.nni.itt..,.    tin,.     ,i„    ,,ppr„pnati„n 
"'    ■-'■'""""   »' •"•   «H-,.,i    t„   (.1,,,.^,.,..   p,„v„l,.,l    li,.  ,„„|,1   a.ti.ally    ,l..„„„iM  rat..    1„  tlio 


'"",""""■'■    "''"    '"••""'''    -"'■"-l"llv    phkIi,,.,.    an.l    mauita,,,    tli,.' p,„p,.r    „.„ip,.rat„r,^. 

"'"'    '"'    ""■   '""■" "t    niakinu   tl...    .-arv   vsp,-vunv„t^    and   doni„n-« .  at  i„.i. 

n-n,    and    nil    ,l„.   n,.,.,..sa,-;     n,a,li„„.,s     -.vi.s    ph.,..,!    at     l,i-   ,l,.posal    ,„    th,.    \a. 
ut   \\  asliinpton. 


r        u'"l'"'"',''i'l   ;'    '"■"    '""' "'    ""■    ^'''■-     ^^"''   ' '"'•-    ' '    '-    •!"    \\H".ni..t„n 

Ca,    \   o,k.  „.    |)..|aua,-...      I,    n,„.t    l„.   .vn,,. ,..,]   ,),,,    all    tlii.  was  -JS    v,.a,s   aa...    when 

i-il.l   Nt.iiay,.   »a-   n,,t   >„   «,.|1   known    as    nciiv. 

■Ol  ,■„„,-„  Can,-..,.  Iia.l  t.,  „.,.  h.pnd  aniin,.ina  m  prodii..JnK  I'is  frosty  temperature, 

:;"'    ' "''^' '■■    ^'^  -    -"    I-"""      -11    ^— ."■   .-    :..    a   .,. .,.ati„,.    ,n,H.|,    l,..|o; 

til..   ...t,.  p,„n,        (.a,,,^...  ,.„n,,.u,.|    ,  |i,.    Ii„piaii    „l,.a  tliat    li,.  ,v,„dd   drive  his  mn.lilno 

V     '       "■   ""^   "'";■;■"•'''    "-"I    In-    liipn.i    a„„ I.v    ,)„.   heat    of    tho   attno^.h.'.-     and 

I'^t-    'l„.   ^a-  »,i,il,l    patt    with   it,   li,.at    ,n   tli,.   Ial,„r  „f   „p,.,at.nj:  the   tnachm.   a,id   aif,.r 

''i'Vr    ,       ?■       "\      "■"'       ^ "       '"' '■■■''■i"--'l       -"        '-       '    .Mv        a.; ,.       Ml.       „il 

"'    "'•;    ';'^"    '"    ""■   ^"'""^ ■"•   "■   ■-"■'"■ •"    ^--    -"I    ^'^"-    ^tart    „p,„i    a    „.,.„„d 

""""','      """  '    ''"■   -^ '^   "'■    '"-•         l'^    "tli..|     »„i.U    l„-   ua.    «i.lnn   o „.p    ,„    p,,,.. 

'"■*"■■''""■' 'I-    l.'1-l..nf:   M    .,,1.,    tl„.    „,.a,in.   ,„    ,|i„    .|„„„ 

,  ■•^"""■'—  '••'■•■'-   "-   -.na,..   a,„l   ,.n.i, ,-   „|    ,|i,.  arms    „..,„  ,.„    h  ,nd   t„  ..... 

,'"-"'■•'"" "'" ■'^"•■'I-      '!'-!"    I"""  <-nn,.,.,.  -t,,„k    a  snai:.      He   was  able 

u,  -,.n,.,at,.  s„  J,,,,,,  a  pro.,,,,.  l,.,,ni  tl„.  an,,„„nia  ua-  that  'he  .ndinavv  cast  iron 
w.mhl  not  ,..,„ta,„  ,.  and  h,.  m-  al,„„.  n,ak,„:;  all  -,„■,,  ,.l  all„v.  ,„  -, ,  ,.„..,1„.„  the 
.r„n   an,     to  ov,.,-,,,,,,,.    „s   pon.Mt.v.      Tl:,.v    all    .a,l,.,l.      Tl „.,  t    ,„    tli,.    ,.n„.,.p,.|„.   a„d 

""■    "'"'•■   ',"•■"""■'    ""'l"'t,n;:    th,.    ..Np,.rim..nts    „■,.,,.    .„    ,.„v,.|    to    n„.   that    I    ,pent 

s..v,.,a     u,.,.k.  uith    Ca,,,^,.,.   l„.|p„|.   1,„„    ,„    ,.„,   „,,    ,   ,,,„,,,         ^„,.,.    ,^    ^,,.,_,^   ^^,    ^^^_^,^._ 

"""!"'  ';"'","-  '"•  ""•■  ■^"'  -•'■'I  '"  '.',.,  liit.hi,..  did  v,„i  ,.v,.,-  „,„„e  the  n„.t..orites 
.-.t    tl„.    .vn,!,l,.,„„an     ln..„„ti„n:-       I    want    vou    to   ^„    »itli    me    a,„l    .,.,.    ,l„.ni,-       1    ,„ld 

"V  '   ''^"'  '•'■""    ' "  "'•"'   -'"1  1^'"'«    in-t  how  th,.>    k..,l.     He  sa.d,   -Well. 

"o   l.av,.   no  ,n,.talh,.  „„„   ,„i   ,.a,,|,    pr,,,!,,,,.,]   1.    nati,,..   ,„    ,|,a,    ),„,„.    a,„l   the...  meteors 

'"'7   ;'"   f;'  '""    f'""'    ' ■>'-■   '"    I'^'v..   ,.„n„.   I,„n,    .„n th.,-   w,„Id.      Th.v    nearlv    all 

'■■""^""  -H'l...|  an,l  a„.  tl„.  ,.|„.,..t  ^ra„„.,l  m..tal  w,-  l,ave.  To-morrow  we  will  send 
ou.r  to  l„la,l,|ph.a  and  ^,.t  .on,,.  ni,k,.|  a„,l  w,.  will  try  tin-  metal  as  a„  alh.y  with 
iron,  aii.i  .,.,.  ,t  „..  ,an  ,„,itat,.  „at„,,.  in  ,li,pli,  at  i,,^.  the  n„.t,.orit...  a-  u,.  are  tryine 
to   imitato   natnr,.   ,n   tl„.  p,  o.lii.f  ,.,„   „)   artilnial   ,.ol,l   for  the   yellow    feyer   patn-nt.  ' 
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■Wo   (111   -iMiil   iivcr  ami   u.t     mm'   mckel   aiicj  :it  oiue  ( oimnenccd   our   cxpcrinionts 

lj>  iiijiliii;;  „n.'-l]alt  el  onr  p.r  i  .ijl  ol  iiukfl  to  the  ij.iilti-ii  iron  in  I  In'  iriii  il.l,',  and 
111'  r.a-iMii  .Mill  HpaiiUi.  niiMiin-  l.>  .ui  aildit  njiial  (.lu-liall  of  oiiu  per  cent,  of  nickel, 
Miilil  a  Imnl  ol  lliiity-.M\  p.-   .cnt.  oi  ni,-l,il  av  an  alloy  -.-itli  tin-  iron  had  boo'i  reached. 

\V.-    lim^    had    ...nic   v,.v,.iit y-tw,,   Mpai.il.-    j, ■>    ol    iron   ^.rid    iiuk.l        loy.s   all    carefully 

marked.      Uli.li  an    alloy   coruainnit;    -< i-ht    p,r   c-iit .    ol    niik.'l    i,,,d   h.-.n    iruidc   we 

tiMrd  it,  as  «e  u-.ill  did  all  ih.-  .,i  h.'i  >p,  ,  mon.s,  hut  I  paiticninly  locaii  that  ( uii- 
tainiim  ci^ht  p.-r  cent,  ol  nukel.  It  was  -o  hard  that  T,,.,ther  the  tile  nor  th<'  cold 
chiM'l  ttduld  allcit  11.  \Vc  pet  it  upon  th,-  ai.vil.  and  u.tli  a  t.n-poiind  .shdi;e  1  ex- 
pected to   he  ahie  to  hifak    it    into    pi.i.>,    hiir    althoujih    1    then    had    s,.venty-live   pounds 

hs-  llrdi  than   1   now  have,  ami  bi'Veial  ii -  a.s  much  ic    -.-le,    1  .mild   not  even  mark  the 

alios   with  the  heavies!   Mow  1  conid  sink.'  v\  n  h  tin-   ten-p.,iiiid  sledge    not   to  'ilk  ahoiit 

hr.akin;;    it.       .\tter    \\i-    liid    niadi'    inan.v     '■•■is    witli    the    .sev.ial    d nt     i       rental's 

ol   tile  ailo\s,   (iam^.e  threw   up   his   hands   and   sh.nited,    'Kiireka  '    I    h.ue    found   at  la.st 


and  close  enou^'h   in   tex^  .re 


an  alloy  strong  eiioiiuli  and  liaid  clloll^ll  to  i.si^t   anytlii 

to  resist  the  escape  of  any  form  of  ya-  '  I  h.  memhers  ol  the  Senate  coiiiiiuttee  were 
ayaiii  hioiij;ht  hack  to  the  .Navy  Vaid  to  sec  t  licse  specimens  .if  nickel  alloy.  The  way 
now  ■eenicd  ilcir  ho  (.amj^.,  t,,  -,.iii..  hi-  |.v.iiis,.|  .-.  iiNin  and  •..  piofc.-.l  uiih  the 
biiildin(!  of  his  refrineratoi  ship  wliidi  would  he  ii.sed  .s  a  hospital  hip  for  the  cure 
of  yellow  lever  patients. 

■•(janiRee.  like  most  ahnoriiially  developed  iiiiises,  had  no  place  in  his  niake-iip 
for  such  hunidium  routine  efforts  as  linancial  o,,erations.  In  shot'  he  had  no  other 
tinaiicial  ahilty  than  the  ahilty  to  ^;et  into  deht  without  .ny  ahility  to  get  out  of  debt, 
He  never  even  took  out  any  patents  iiixni  these  alloys  of  niikel  and  iron  an<l  steel. 
He  failed  to  agree  with  the  Senate  coininittee  on  the  cost  and  manaRement  of  his 
proposed  ship,  and  thus  failed  to  .soci.-e  the  *2.J0,(MXI  appropriation.  In  the  language 
of  diplomacy,  the  incident  was  closed,  and  I  lost  inlit  of  CJamgee,  and  all  the  interest- 
iiii;  experiments  and  experienn.  passed  out  of  my  mind. 

'■.\1!   this  was  seven  years   '  elore  I    had  ever  seen  Canada. 


Opening  the  Sudbury  I'ield 

•In  IKHl'  I  hicaine  interested  in  hiiildiiis;  tile  Central  Ontaiio  Hallway  to  open  up 
and  develop  the  iron  lields  of  .North  Hastings.  When  the  road  was  hiiilt  it  was  found 
that  these  iron  ores  contained  so  much  sulphur  as  to  lie  unmarketable,  and  1  c  ..inineiieed 
a  systematic  .search  for  other  mineral  deposits,  which,  under  the  terms  of  the  charter 
111  the  lai  way.  the  railway  loiilii  own  and  operate  .iiid  hy  sin  h  (nine\an(e  ni  pi.,i.ei-\ 
1  might  support  and  protect  the  securities  of  the  railway. 

"In  this  effort  to  .secure  something  tor  the  railway  I  had  a  consideralile  narth 
(f  the  connfry  made  h\  the  local  inhalutants  and  others  Ironi  .Nova  >i  ilia  to  I'oi  t 
Arthur.  I  went  to  the  (Jeological  Museum  at  Ottawa  and  examined  specimens  of  every 
kind  of  ores  from  every  part  of  tli.'  country  Among  the  many  specimens  examined 
at  this  museum  I  found  some  copper  ores  taken  from  a  cut  in  the  Algoma  Branch  of 
the  Canadian  I'aeitic  Railway  at  what  is  now  AVorthington  .Station,  and  other  speci- 
mens taken  f:oiii  a  cut  in  the  main  line  of  the  Canadian  I'acific  Hallway  at  what  is 
now  known  a-  tie  .\luria\  mine,  .ali  nil  iliiee  miles  wi-.|  of  Siidloirv.  Th. -,.  sMni|iles  | 
had  analyzed  and  found  them  very  rich  in  copper. 

•'1  at  once  proceeded  to  have  these  deposits  located.  While  so  doing  1  found  that 
W.  It  .McAllister  and  J.  H.  Metcalf  of  renibroke,  Ontario,  had  locati'd  and  taken 
up  a  number  of  these  deposits  in  this  .Sudbury  mineral  belt.  .\nioiig  these  was  what 
is  known  as  the  Copper  Cliff  mine,  the  Stobi,.  mine,  fh"  Lady  Macdonald  mine,  the 
-McArfhiir  mine  and  the  Ceigliton  mine,  the  latter  not  at  ilmt  time  yet  di'cded  to  them, 
and  several  other  deposits  not  named.  With  the  excptioii  of  a  small  mine,  known 
as  the  Evans  mine,  and  a  little  ore  t.iken  from  what  is  known  as  the  Frood  mine, 
which   I   purchased  shortly  after  the  purchase  made   from   .Mi  Allister  and   ATetcal,',  these 
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^lllM•^   lliMv   (MM.  h.iM.i   li..i„    M,  Allist.  r    „u<\    \I.. trail    III   th iiinicr   of    IHA"   Imv,.   f„r- 

'"''■'■''  •'"   '' ■•  >"iii-(l  In    111,.  Ciiunii Coi.i,,  I    Ciiiipaiiy    I,,,,,,    IHMd  to  till,  (lav,  .iiid 

ail'   -nil   iliiir  M)lf  Miiirci'  of  siip|ily. 

■  liiiii.riliatcjy  aftiT  I  li.'  pur.  lias..  .,|  tli.--.-  iiiiii.s,  .,r  latli.T  .I..|iom1s.  fr.mi  M.'.\llist..r 
and  Met.  .lit,  iii  IbJS."),  ami  mum..  otli.T  piopciti...s  from  iiulivi.l.ial.',,  in  1880,  incliidiiiK 
soiiM.   piir.liaM'd    from    Kiii.ildo    .McCoiiiioll,   Jaiiios    .Stoljio    nii.l    K.    J.    Tough,    I    made 

application     to    tlio    Ontario    (;..\ .  i  nim  ill .     lliro.!i.|i    .1.    I)     i;..,iis,    ll iiciiii.i-    ..t     ii,,. 

f'eiitral   Oiitario    linilwiiv     for   I.hki.   ^.  l.|iti.,iial    lociiti<.iis       I'n.l.r   tliis   applu  it Mr 

K\an,    lo.atp.l    97  IKI  i    a>i,->      Ii.«-..\.i.    iI,,,,.    wU„    m;..    alt.rwai.l-     i^i..  i,it.,|    hiiIi    i,,,. 

dill    iioi    agro..   will iii    k..piii:    tin-    ana   of   Ian. I     i.ut    h  i-li...|   it    t.i    lap-..,    » hi,  I,    it 

w.^s   alI'iU4<]   to  .III 

"In  .Jaii'iar\  IHHI],  1  ornanizrd  at  Clevoluiid.  Olii.,,  iiiidor  Ohio  iliartcrfi,  two 
torporatioiis,  oiif  kno«n  a-  tli..  Caiiailian  Copper  Conipaii\  with  a  ■  a[)ital  of  .*L',t)(MJ,t)tX), 
lat..r  intreaM,!  to  ^'2,r,iH),im.  and  th.'  olh.'r  known  as  tli.-  Aii^lo-.Vm.Mi.an  Iron  Company 
Willi   a   capital  of   li.^.lMJO.tMKJ. 

T.I  th..  C.nadian  Copper  Conipanv    my   wife  and  sell  deeded  the  lauda  purchased 

fr.im  .\li-.\llist..r  ami  Met.  alt.  Kiiialdo  .M.C.mmll  a  i.l  olli..rs,  an. I  to  tin-  Ani;!,,   Am..:iian 
Ir.m    C..iniaii\    ili.     late  .laiiii-   .M.l.ai.n,    tin-    lato    II.   li     I'ayii..   of  Cleveland   and   my 

wile   an.!    mIi    .1 l..,|    til.-    h.'     LUI    aer.--   ..t    land   along   tli..    Iin.     .it    tli..    Ciiti,,!    Ontario 

Ha.lwa;.  ,  anil  t.ir  ll [...niiii;  ni,  .md  ili'velopnient  of  wlinli  tli..  ('.•ntral  (»..t,,M.i   Uailway 

was   l.iiilt.      111,.   iiii,.,.st    .,1    111,,   late    William  Coe  of   .Mail.).'    in    these    Hastintrs  loiiiity 
Ian. I-    Has  ii.in..\.(l   t.,  the  .Xiiglo-American    Iron  Company  at  a   little   later   date. 


■ll 


l)i.scn\erin);  the  Nickel 

lS8t;  -.,111..  w.irk  was  diini>  upon  the  property  of  the  Canudian  Copjier  Company 


nt  Copper  CliH'.  and  in  1887  a  shipiiient  of  some  l.-J(K)  tons  of  tins  ore  was  mail.,  to 
the  works  .if  tli.'  Orf.ird  Copper  C.impaiiy  at  ''oiistahle  ll.i.ik.  .New  .Lr-.y,  in  the 
haihor   ol    .New    York.  Wliil,'    the  chemist    of    the    Orfod    C.impany    was    making    his 

analysis  of  the  produrt  of  the  furnaces  from  th.'se  ores  he  f.Hind  a  metal  with  which 
h.'  was  not  familiar,  and  after  iiiinieroiis  test.s  he  found  this  siiKstanci'  to  he  nickel 
I  happenid  to  he  in  the  lahoratory  when  this  discovery  was  made.  Hohert  .M .  Thompson, 
the  president  and  owner  of  these  works,  was  also  there.  The  discovery  of  this  nickel 
in  th.s,.  ores  hy  the  chemist  of  the  Orf.ird  C.ipper  Company  was  alike  unexpected 
11.  w-  t.i  h.ith  Thompson  and  myself.  We  had  in)  suspicion  that  thev  w.re  anything  hut 
copp.r  oris  This  iliscovery  changed  the  whol,,'  situation.  We  foiinil  we  had  a  great 
nickel  ihp.isit,  instead  of  a  great  copper  deposit,  or,  to  he  more  corn.t,  we  had  a 
great  nickel  and  .upper  deposit.  .As  the  world'.s  annual  consumpt'on  of  nickel  was 
then  only  alioiit  I.IMK)  tons,  the  question  was  what  was  to  he  done  v.ith  all  the  nickel 
which  these  deposits  (oiihl  produce  I  at  once  recalled  the  experience  I  had  with  John 
Caing.e  at  tlii'  .Vavy  Yard  at  Washington,  ten  years  previous  to  this  time,  and  it 
occurred  to  iiie  that  nickol  could  he  used  with  success  in  tlii>  manufacture  of  guns 
and  for  many  other  purposes  ns  an  alloy  with  iron  and  steel.  I  wrote  to  the  famous 
gun  maker,  Krupp,  at  Kssen,  Cermany,  telling  him  of  the  Washington  experiments, 
«nd  asking  him  ahoiit  his  u.se  of  it  in  the  guns  which  he  made.  I  received  an  answer 
from  him  through  !iis  New  Y'ork  agents  treating  the  matter  lightly,  and  refusing  to 
believe  that  there  was  any  sufficient  quantity  of  nickel  in  the  world  to  warrant  experi- 
ments looking  to  any  extended  use  of  the  metal.  The  question  of  these  alloys  was, 
however,  brought  hy  Krupp,  or  someone  representing  him,  to  the  attention  of  the 
Iron  and  Steel  Institute  of  Creat  Britain,  and  that  Institute  appointed  one  of  its 
members.  .Tames  I?iley.  the  manager  of  the  Steel  Company  of  Glasgow,  to  conduct  a 
series  of  experiments  with  this  alloy,  and  report  at  the  next  meeting  of  the  Institute 
This  he  did  with  great  care  and  exactness,  and  embodied  his  experiments  in  a  repo-t 
dati-d  in  Ma\ ,  188!).  This  r.-p.ut  I  show.sl  to  (;eneial  Tracy,  then  StH'retary  of  tin- 
United  States  Naw    in   th..  simum.r  ..f  |88'>,   jnst  as   I  was  l.aMiig  for  iMir.ipe.     II..  r.a.l 


JO  uotiBHaomto  aip  m  %\i\a»i  ^im  ami) 


VMti 


Appendix 


171 


the  rf|Hii  I  mill  niH-p.'il  ii>  fiir  ii'in  liiti^  irii|.iiitiiiici'  «  itliin  iii  hour  •  r  tun  iilti-r  iim  i  i\  iiii; 
it.  ami  -aid  that  thr  Niivv  Di'|mrtiric?it  Hi«h<il  tn  -iml  jin  ,  \p..r»  ii'prcsciilalu  •■  „i  thi' 
Goveriiihont  uith  iiie  to  uiiv  aiiil  ti)  iill  pli. .  ^  v>  hic  h  I  iiuLiht  M-it  in  Kiinip..  jn  t  h.  iii.  11-.1 
o|'  ihih  ruck. l-.ln'l  all. .\  .  "  ■  \.  I  hh-  i.'"iiiw  Ii.  I  iiic.|  ■■  i.  •  lh;it  |  iiI|  ..-.  .  I.nnt.njni  I; 
H.  Uiiikiiinhaiii  of  th'-  V.  S.  Navy,  then  ( oiiiii-ctiHl  with  tlio  otticr  of  the  U.  S.  Am- 
bassador at  Loiitloti,  was  appoiMti'd  to  aiioiiipaiiy  us  whirrviT  we  minht  no  in  Kiirojie 
111  this  intiTi'Bt.  Sir  Charles  Tiipper,  tlicii  the  Canadian  lli^h  Coniiiiissioner  in  London, 
was  al.>o  dtvMKnated  by  Sir  John  A.  Maedonahl  to  arcoinpany  us  in  the  interent  of 
Canada  in  this  enterprise  to  liiid  out  whatever  iiiiuht  he  hsirm-d  in  Kuropo  about  the 
uses  and  Iho  alloys  of  nickel  witli  steel.  Sir  CharU-s  Topper  and  Lieutenant  1>.  II. 
nuckmiihain  of  the  V .  S.  Navy  did  no  with  us  to  visit  the  works  of  Krupp  in  Germany 
and  the  principal  estahlishn,i.|its  of  (Jrcat  llritain  and  France,  and  the  famous  Hio 
Tinto  mines  of  Spain.  Sir  Charles  niadi'  a  report  to  Sir  .John  A.  Macdonald,  ami 
Lieutenant  Buckingham  made  a  report  to  'he  .SiHretary  of  the  Inited  States  Navy  ol 
what  we  had  been  alile  to  see  and  liml  out.  We  spent  two  <lays  in  the  works  of  Krupp 
at    K.'-seii,   and    were  shown    curv   possihli.  courtesy        I'pon  our    return    Seort^tary  Tracy 


•  icnl.  Ii.  I'.  Tracy,  who  i.iln.iliiccl  nii  kcl-stcci  armor  plate  inli.  llie  I   nltc.l  .^tatt^s  Na' 


.1 


ordered  a  nickel-stoel  armor  plate  made  at  the  famous  Creusot  works  in  France,  and 
also  a  plain  steel  plate  made  at  the  same  works,  and  a  plain  steel  plate  made  at  the 
works  of  Cammel  &  Company  at  Sheffield.  Kngland,  such  as  was  then  used  on  British 
vessels  of  war.  These  plates  were  brought  to  the  (fovernment  proving  grounds  at 
Annapolis.  Maryland,  and  set  up  side  by  side  and  fired  at,  at  short  range,  by  eigh<>inch 
Kuns. 

"The  victory  of  the  French  nickel-steel  plate  was  so  complete  over  both  the  French 
and  English  plain  steel  plates  that  the  trial  and  tests  were  heralded  by  telegraph  and 
cablen  all  over  the  civilized   world. 

I"        '  '   ■■'      ■'     I!!.       i»o...r  entitled   ".MloyB  nf   Nickel   and    Steel,"  wat    pahliihed    in 

tba    Rofiort    of    the   Royal    n«mmiHion   on    the   Mineral    Re«ource§    of    Ontario (18901.  pp    383-387. 
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■•Tra.y,  l,y  tin-  (;„w  ,  r,ii,Mil  l.-i.  m  Ml  all  1 1,.-  ,,„niri.,„  ^t...l  .,iri,„r  plat...  to  the 
juiik  h..»|..  ar,il  ,,„„|,i.t,l^  r,vul„ti,,„iz,,J  tl,.-  oli.n.iv..  :,.>,!  di'leiisive  .■fficiiTity  of  the 
iiavM...  „t  tJH  »„rkl,  .N,ai,.l>  l,u,l  thr  suiiimI  ,,i  .  I„-  ii.:„~.  at  Annapolis  .ii,-,i  awaN  hrlor.. 
Cimn-Hs  III  an  lionr,  at  tl,..  i.-,,ii,.M  of  th..  Sc<r.lai>  „l  tl,.-  Navv.  (;,n,.,nl  Tracv,  vot.-<J 
an  appr..pn.,lioi,  ot  ,*l  ,(Hi(),('ii(i  to  pniclia.s,.  nuk.'l  man.,  at  .S,i,ll„i,v  to  ho  11M..I  m  the 
mannla.iiit..   ot    nick.l  -l.-.l    art,,,,,    plato    tor    tho    1       >      Nmv.  T|,,s   million    dollar 

appropi,..!.  1,  l,v  tl„-  r.  S.  (Hiv.'inin.'nt  an.l  tho  ,i,.-  .,1  ni.  k.l  in  st.M.I  a.jvcrti-.'d  the 
Kndhiiry  wuw-  ov.r  all   th.-  .oinin.-i.  lal    hoiI.I       It  Mivod  tho  Canadian  t'opp.-r  Company 

from  tho  .-vp.-i, I   makins  any   t.-.t.  ot   „,,  k.-l   allo>s.   I,.i    tli.-v    u.-i,.   all    niado  l.v   tho 

(;ov.rni„.iit.      In    .hort,    th"  (Hjvornnionfs   a.tion   throiiyl,    th.-    >,-.  r.tary    of   th.-    Navy 

put  a  n.-«-  ot.t.-rptiso  upon  its  f.-ot.     Tho  (;,,v.ri. r,t  ,  han^.-d  th.-  th.ii  .-xistint:  ,-,,iit  ra.ts 

with  tl,<-  ll.-thl.-hom  Stool  Cmpany  fr.)m  plain  st..l  plat.-  to  ni.  ki-l-t.-.-l  plates.  It 
ont..i..(l  into  .-ontiails  »ith  th.-  Ca.ii.-t;i.-  St., -I  C,,mpai,y  for  tho  mannfa.tiiv.-  of  iiiokol- 
SI..-I  pl.it..  ,im|.  I  wl,i,h  .■.■inra.t-  n,,lli.,M.  ,.1  , 1, ,11a,.  «.,,-  .-\p.  ,,,|.-.|  ,,,  l..,,l,|,ii^  ,  |„. 
famous  llom.-sti-a.l  woiks.  Tl.u  >.„,,!!  ovp..,  M„.-nts  in  th.-  Washinnton  Navy  Yard  in 
\H:i;  have  crown  to  tho  proporti,,n.s  .,f  r.ivonnt:  .vory  hrst-olass  wai.  shjp  in  tho  1, avion 
.,f  tho  uorld. 

The  International   Nickel  Company 

On  D.-ii-nih.-r  7th,  HHIl.  an  optional  contract  was  ontorod  into  hotwoon  four  of 
th..  dii.-.t.iis  ,,f  tho  I'aiiadiaii  t'oppor  Company  and  the  AnKlo-.Xniorican  Iron  Company 
anil  Hohort  M.  Thoinp.son  on  bohalf  of  hiinsoll  and  ass,,..iaios.  tho  assorial.-s  hoiiig 
Captain  Dol.amar,  K.  C.  Converso  and  Charlos  .M.  Sohwali,  undo,  which  contract  the 
dirc-ctors  of  tho  Coppor  and  Iron  Co's  iindortook  to  soil,  and  'rhoinps.,n  and  his 
ass,„.|at..s  ,indortook  to  hiiy,  a  controlline  intorost  in  the  stock.s  of  these  two  companies. 
It  «as  a  part  of  this  contract,  that  Thompson  and  his  associates  should  form  a  company 
iind.r  tho  laws  of  Now  Jersey  to  he  known  as  the  International  Nickel  Company,  and 
that  this  company  should  receive  fr.,m  the  purchasing  syndicate  tho  stocks  of  the 
Canadian  Coppor  Company  and  the  Anglo-American  Iron  Company  p,irihas,-d  under 
this  opt,., I, al  ...ntra.t  .if  Di-c.  7.  1!)01.  whiili  optional  (iintrait  wa.  a.(...pt...l  l.v    ri,.,nips.iii 

an, I    his  asso.iati.s  .in    Kohriiary  28,    IIMfJ.      Th-   st.,.ks  .,i    tl ..i  p., rat  10,, s   i,iiii,,.|   ,,v.-r 

hv  th..  piirchasint;  .syndicate  were  deposited  with  the  New  York  Security  and  Trust 
Company  as  a  basis  for  the  issuance  of  the  bonds  of  the  International  Nickel  Company. 
I    sh.,,il.l    pit  haps  have    saiil   that    in    carry  11, j;   out    this    ..intra,  t    .it    D.,-.    7,     1:ki|,    tl,,- 

'"'•■>"■'' .il   Nickel  Comiiany,  1111. l.-r  a   N.-h    .l.-is,.y  charter,   was  orcaniz.d   ,ind..r  date 

-•if  April  lsi  I'M'J,  with  a  share  lapital  ,f  *'JI,ii(KI.(Ktf).  and  a  hoinliiit;  pin  li...;..  of 
!fl-J.lK)O.OIHI. 

•'A  inortcat:.-  was  oxociitod  by  the  International  Company  under  date  of  Apri) 
Ist,  llllfj,  securing  tlie  bonds  of  the  .iimpany  upon  the  stocks  of  the  constituent  com- 
pani.-s  .1. .posited  with  tho  -N.w  York  .Sociiiity  and  Trust  Company,  wlio  were  the 
trusties  for  the  liondhold.-rs  of  tin-  Into:  national  Company.  The  Nickel  Syndicate  also 
purchased  the  stocks  ,,f  th..  Ni.k.l  Corporation  of  London,  a  New  Caledonia  concern, 
and  one  of  Whitak.-r  ".Vrii:lit's  ,.nteipris..s.  i.iid  also  the  stock  of  another  small  French 
company,  known  as  th<-  So.i.t..  .Minii-re  Caledonienne.  The  acgregato  of  all  tho  sto.k.s, 
Canadian  and  New  Caled,,iiian.  with  tlie  stotks  of  the  Orfor.l  Copp.-r  Company,  and  the 
stock  of  .).,s..,ih  Wharton's  small  plant  at  Camden,  near  I'liiladilphia.  amounting  to 
about  $|(l,(«in.(in().  w.-re  d.-p.>site.l  with  tho  Now  York  Secniity  A-  Trust  Company,  and 
$l(l,:iliO,(Hi(i  ,,f  the  a,itlioriz.'d  .*1-J,0()0,l)li(l  ,,f  bonds  and  *18,0(X),f)00  of  the  authorized 
S'J-l.iHin,fl(X)  of  stock  of  the  Internatioii,il  Nickel  Company  K,rc  issued  aeainst  these 
stocks  til, IS  .l..pi,sii..,l  Mith  the  Trust  Company.  The  stocks  of  all  the  constituent  com- 
panies b.-loni;  to  th.'  International  Nickel  Company.  The  Now  Caledonia  companies  are 
not  and  have  not  I,... .11  op,  rat. -d  l,v  the  Internat  ,o,iii|  N  ick.-l  Company.  No  report  is 
111:,. I.,  .if  th.-ni    111    lb.-  i.-ports  .,1   that    ('..nipaiiv 

Til.-    CallaillMii   (',..  p,.|    (      nip    :;.,    1,  ,H    ,..,,.    soTii..    Ill  1)11  I   ,,.,(.    .,|    I, .,11,1    a,  1,1   tli..     Vl,',;!,,- 

Ani.iuaii    I1..11    C.    s.iin,.  ,K,-,,i .,,  r.,s       Tl,,.    I  m,  i  nut  i.uial   (■..11. puny  .ip.vi.-.s   I,,   f      ,,ila 

»I,,,|K    thriiiii:!,   ih,-  .  .it,.' ,1 ,  ...n    ,  oinp  in,,.. 
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•Ntither  (Jauiu«»  ror  auy  otbiT  iimii   invunteU  iiu  kol-steol.      It    i>  u  discovrrv,  not 
«u   invention,  and  it   la   probably   the  only   in»t»iKu  in   this,   world    wlioro   any   lonn   of 

manufacturo   is  carried    on  alter   u   li.ruiula    lonunn    Iroui    the    h.u ,    „r   ,onie  other 

world  other  than  our  own. 

•Thero  is  a  »ery  beaiititiil  specimen  ot  nickel-iion  ineteurite  in  the  (ieoloKical 
AlUheum  at  Ottawa,  weinhinK  about  4U0  lbs.  It  tontai-is  »ouiethwiK  over  six  per  cent, 
of  nitkei.  and  was  toiind  on  a  farm  in  HastiiiKs  county,  and  tor  years  was  u..«-d  by  some 
untidy  tanner  to  hold  hm  burn-door  closed.  It  never  occurred  to  this  farmer  that 
this  lump  of  meUl  was  a  manufacture  ot  the  skies.  I  have  several  times  offered  .*6(X) 
for  this  meteorite,  but  of  course  the  .Museum  Would  not  sell  it.  Perhaps  I  ought  to 
add  tiat  a^  sO(j|i  ag  Ril.y\  report  hid  Ixiii  read  liv  S,.,irt»r>  Ir.in  in  |s-i',i  ,,,„i  (  |,.,,| 
given  him  a  report  of  the  experiments  at  the  .Navy  Yard  in  187G,  he  put  the  whole 
machinery  of  the  Department  at  work  over  the  United  States  and  Kurope  to  find 
Gaingee.  1,  myself,  while  in  Europe,  had  the  directories  of  all  the  principal  cities 
of  Great  Uritain  examined,  but  neither  the  .Navy  Department  nor  mv.self  could  find 
.im.     About  a  year  later  I  was  iu  the  second-hand  bookstore  at  Washington,  owned  by 

H.    W.    I,.>wdermilk,    a  place  wliere   (JaniKee  tor rlv    -pent    much    tini,.    ami    I    t,,id   the 

proprietor  of  the  efforts  of  the  Navy  Department  and  myself  to  find  (iamgee,  and  that 
we  had  concluded  that  he  iiHi.st  I,.-  dead  He  said  he  was  not  dead.  aikI  -ave  me  |,i> 
address  in  London  which  was  within  half  a  block  ot  the  office  of  the  Canadian  High 
Commi.ssioner.  I  then  wrote  to  him  and  received  two  or  three  lettert  from  him.  Us 
was  still  in  the  field  of  invention,  experiment  and  discovery.  If  there  had  been  earlier 
laboratory  tests  or  experiments  with  nickel  and  steel  thin  those  of  the  Washington 
.Navy  Yard  in  1876,  neither  (iamgec  nor  myself  knew  anything  about  them.  We  fol- 
lowed the  meteorite  and  there  is  not  the  shadow  o'  a  doubt  that  the  reconstruction 
of  the  American  navy,  clad  with  nickel-steel  armor  plates,  was  the  direct  result  of 
these  Washington  Navy  Yard  experiments  following  the  formula  of  the  meteorite, 
although  the  experiments  were  farther  carried  out  by  the  Iron  and  Steel  Institute  of 
Great  Britain  under  the  diiection  of  James  Riley  ten  or  twelve  years  later.  Gamgee 
IS  now  dead,  but  General  Tracy  is  alive  and  well,  and  I  have  no  doubt  would  fully 
confirm  every  statement  here  made. 

"Whatever  might  have  been  the  ultimate  development  and  outcome  of  the  Sudbury 
nickel-copper  deposits  in  other  hands,  and  by  other  parties,  one  thing  is  very  certain, 
that  had  it  not  been  for  the  development  of  sulphur  in  the  Ha.stinKs  county  "iron  ores! 
which  made   them  unsaleable,    thus    depriving    the    Central    Ontario    Railway    of  the 

principal    tonnage    which    it     was    built     to    carry,    there     never    -»oul,|    have     I n     any 

Canadian  Copper  Company  or  any  Anglo-American  Iron  Company,  or  any  International 
-Nickel  Company,  and  as  the  Washington  Navy  Yard  experiments  with  nickel,  iron 
and  steel  following  the  formula  of  the  meteorite  had  already  passed  out  of  mind  betore 
the  discovery  of  nickel  in  the  Sudbury  ores,  there  would,  in  all  human  probability, 
have  to-day  been  no  nickel-steel  clad  American  navy,  and  this  would  mean  that  there 
would  have  been  no  iiickel-steel  clad  navy  in  the  world.  From  the  sulphur  in  iron 
ores  in  Hastinus  county,  Ontario,  aided  by  the  composition  of  the  meteorite,  has  grown 
all  the  nickel  and  uickel-^teel  industry  ot  tlii-  heiuUplieie  a-  h.II  .iv  v.r\  rniidi  .|  hkc 
industries   in   the  old   world  " 

Mr.  (iamgec's  Kecollections 

A  letter  from  -Mr.  Gamgee  to  Mr  Ritchie  ui  reply  to  a  comniunication  from  the 
latter  gives  some  further  details  recarding  the  early  esperinients  carried  on  in  the 
Navy  Yard  at  Washington.     It  is  dated  London,  March,   1893: 

"S.  J.  RiTcniE,  Esq.,  Dear  Sir:  I  have  to  thenk  you  for  your  kind  letter  of  the 
28th  of  February,  which  duly  reached  me  thi^  morniiic  I  have,  of  course,  noticed 
with   interest  the  progress  made  in   utilizing  the   iron   ami   nickel   alloy. 

"The  difficnltie.s  we  encountercKl  in  the  castings  for  the  ar.imonia  engines  and 
pumps  .Tt  the  Washington  Navy   Yard,  in   spite  of  the  skilled   workmen   in   the   foundry, 
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I..1  i„  van,,..,  .I.vi.vs  |„  o».n„rii..  tlio  i.„i..mI>  oI  llir  m.l.il,  ;..„|  „„„  ,li,v  I  wa.,  i.iiah 
-1I1.1I-...1   ,it    s.-inu  |,ui.'   III.    run    into   mm.,..    U,^„  I,1„„    |„,|.„.     ti,..   |„,„  ;,„.iirr..d    Horn 

ll.Ullm     I,,    (Il-ll|,|    lyllll.l.TS     .11     »linl,     Ihlhh      .l..lk      ll.l.l     I \|.,r,.i,.l     .u^i;.,l,,l     1,,      ||„. 

lliat  Hiiii..  iimi.,  mti.)ii:,l  ..nil  Mi,.|iiii,c  metliod  ot  piomliiiK  it  Houn.l  iiulal  »ho.ild  be 
atl.ii.pl.U.  Siiddmly  til..  ..,i„|,«,lii,..v,  and  i>oli<"ity  <>l  iiict.sjtK-  iron  striitk  i.,.-.  uiid 
I  d.l.rimiii.l  on  trying  vfiy  Mimll  proportions  ol  nu  Ul,  l..k;inniii«  with  on.-  i„,  ,.i,t. 
up  In  tlir....  per  cont.  Kuin.-  i,iiaMliti.s  nndcifd  tliu  niulul  i.m.  Iiuid  lor  tin.  t,,,,!-,  and 
w,.  i.M,rt«.d  lo  tin.  pr.«..,>  „l  aMiiralinn,  in  sonu^  ri.,.s.  Willi  tli.-  ttdvanlai;..  „l  t«»ting 
mailiiniH  of  tli«.  Navy  V.ird  w..  soon  dutrrniintd  that  ui-  toiild  doiiliU-  th«  tensile 
str.nntli  ot  tli.i  hvM  i  as|  ,ron,  and  p.-rliaps  y..ii  km.n  liuH  how  ».•  lit.. I  to  ■..;<„,■  nni- 
foriMity  of  tho  alloy.  W ,.  atl.ii.pt.d  to  nirlt  llo'  ni.  kri  in  lump-  in  tlir  n.rlt.d  iron 
as  It  ran  from  the  cupola,  and  tlio  roMiltant  .a^tmu  «a>  ot  iin<'<,iial.-<l  tiatdni-s.-.,  toob 
Immiik  l,rok..ii  wh.M  >lrikinK  a^;aln^t  a  knol,  „t  tl„.  „„k,-i  that  had  not  1..m.|i  melted. 
\\r  Ih.ivlore  first  meltrd  th..  ni<  kel  in  a  <ruiihl,.  and  I  shall  never  forget  the  effect 
a-  -.'eii  in  our  OrM  inal  ot  drcopini;  tl„.  -„,,|l  pi,,p„t,..i,  ,,i  „,..|i.d  ..i,  k.  I  ,„t..  il„. 
ladlr.  The  .surface  ot  the  m.lted  niavs  bwanio  cover.ol  «ith  particles  of  dirt  or  drew, 
whic  h  wa.s  skimtned  off,  leavinn  u  perfwily  pure  ma.ss.  winch  we  ran  into  moulds,  and' 
yielded    castings  that   readily   re«i«t»«J,   on    testinK.   very    heavy   hydraulic    pressure.      I 

regr.  I    that    I    had   no  oppoitiinlly   i.|    iiFtti.iluriii.i   the   metal    ten    oilier    pur| -     l.nt    th.- 

experiments  were  so  public  and  excited  .so  much  interest  in  the  Navy   Yard  that   I  km 

not    nhogethei    suipriMMJ   to   find    tliat    at    1.  a-t    vmi n.-   tMtii-    ii|.    t.i   i..|i..   i,,.-  .i.-.lit    l,,t 

the    siigjG-lion, 

"We  rolled  some  plates,  and  many  oxperiiiients  w.ie  made  with  various  ((iiantities 
of  nickel  to  obtain  a  metal  that  would  not  rust.  1  regret  that  I  lost  my  original  notes, 
hut  it  is  somewhat  strange  that  the  fact  of  the  first  experiments  having  been  conducted 
hy  me  in  the  Washington  Xavy  Yard  has  never  before  been  noticed,  as  there  should  be 
i.dinls  hy  till'  ofliceis  ulin  had  cliaige  ot  the  (lidiiaiiie  Depart  incut  and  tcstiim  ma.  Inn.., 

"I  have  used  the  metal  from  time  to  time  since,  and  one  firm  of  ammonia  machine 
makers  in  America  have  continii«l  to  make  nickel-iron  castings  since  I  first  introduced 
them  in  my  methods  in  1880.  I  am  now  deeply  engaged  with  the  final  resulis  of  16 
year-'  hilior  in  reachiii.;  th..  aiitMiiatir  i  ■.ii<li.|i-n.  i.iii  ..I  ill  .apnr-  lt\  tin-  in.  im-  I  .in 
run  ice  machines  without  using  condensing  water,  and  dispensing  almost  entirely  with 
fuel,  r  am  building  a  low  temperature  engine  which  will  demonstrate  the  soundness 
..I  till'  vi.ws  I  eiitertaiii.'d  in  the  days  wh.'ii  you  remember  mo  working  in  the  Stat.-s, 
and  which  were  derided  except  by  that  most  able  of  chief  engineers,  Mr.  Isherwood, 
and  a  few  other  choice  spirits,  i  am  running  steam  engines  working  steam  at  212>» 
Fahrenheit,  as  .stat.nl  in  tli.'  circular,  and  I  would  give  almost  anything  for  more  help 
and  intelligent  co-operation  in  the  States  and  Canada.  I  sadly  need  help.  My  experi- 
ments have  been  costly  and  protracted,  and  whilst  there  is  abundant  grout. d  for  hope 
now  at  a  good  turn  in  affairs,  yet  I  can  assure  that  it  is  not  easy  to  overcome  the 
prejudices  of  the  engineers  arywhere.  :Might  I  ask  in  what  position  you  are  in  the 
Navy  Yard,  and  how  you  came  to  know  so  much  of  my  wandering?  I  shall  be  glad 
to  hear  from  you  again  at  your  earliest  convenience,  and  remain,  yours  faithfully, 
John  (Jamoee." 

"I  Note.-  The  Gamgee  experiments  at  the  Navy  Yard  were  not  carried  on  under 
.iin  iii-[ii'cii.iii  nr  oversight  on  the  nart  of  the  gov  .■iiini.i.t .  ami  t  li.T.t.n.-  lli,-  N.n  > 
n.  pai  till,  lit  k.  pt  no  reiords  of  them,  as  the  superintendent  of  the  yard  informed 
ni...  when  I  went  to  hunt  up  the  records  of  these  experiments  and  tests,  in  1887.— 
S.  J.  I!."] 

5ir  Charles  Tupper's  Report 

The  report  of  Sir  Charles  Tupper,  referred  to  by  Mr.  Ritchie,  giving  the  results 
of  his  investigations  into  the  use  of  and  probable  demand  for  nickel  in  Ciriat  Uritain 
and  .■.intiiientiil  Europe,  is  interesting  enough  to  warrant  its  being  published  in  full. 
Sir   .Tnliii    .\     Macdonald's    letter   introducing    Jlr.    Hitcliie.    which    is   also   given,    shows 
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"' "    "'    ""^   '"^'>    -'■'«'■    '"•   '■•"'^m/...l    tl,..    ,„„„„. ,.   I,.,»h   to  (',,,„,in    ,M.I    the 

'■ "'  ^'"^'-  "'   ''"•  >""ll'"rv  i"<-M  .l.pov.is       I  „t.,rtuM„t..U    his  hup..,  nl    ,„...r.  >f„,K 

""■    ' ■"'»'    ""'li'T'ti..,  Ill    (h..   matt.-r    «-.....   n.,.    .h  st I   .„   h..    r.ali/..Ml.      S,r    .;.,hir, 

l<t   ir  I.I  Nir  (   hjllliM,  i«  (Intel    llth   .liilv    I  H«!l ; 

■Mv   l)t;\H   SiK  CiiABi.tH    li  ITKR      (liir  lii.iiil   s    ,1     K  ,,),„.    „,    _\|,,,,„ 

>..ii   kn.m.   IS  HiM.iit    t.,  |„„,r,.,l  t<.  K.iKhiii.l    Inr    IJM'   |..ir|, ,|    ralhnjj  fh. 

h    piihlii     til  iMir    imiiiitmI  wimIiIi    in   ('iin.iihi 


tlif   Hr.ri 


rniiriii'iition 

u.M,     I,,,, I 


*Mii(>,   whom 

uttiMitinn    of 

">    'It-ii'-   ••~|ir(iiillv    to   siihiiiit 

'"  "''    ^'»J"'*>  -  '-'V.  Ill lit  til.,  iiiipnrtmit  la.t  (h  n  m  (',i„ad»,  ..,p.,iBllv  in  the  r.^Rion 

of  Sn.ll.Mrv.  IS  th..  Iar«..,t  clpp-slt  ot  nuk.-l  in  th..  «orM.  This  m.-tai  is  ««„t..,l  par- 
ti.nUilv  a,  an  allov  I.,  mak..  an  iniporiaiit  nun  ni.tMl.  «ti.|  its  ..xt.n.l.,!  „-,■  will  !„.  „f 
Rr.at  ii.lvBiitau..  to  th..  l)oniini..i,       Will  jou   k.ii.lly   p,ii    Mr.   JJitthi..  in   .-..n 

"ith    th.'   S..   ii.tMry      l..,th    ..I    ih.'    Aniiv     .ii,,|     \,m      .,.     ,.|l    ,,.      ,1    „, „,  , 

Sal.sh„r>.  It  I-  sai.l  th.it  tho  ,is,.  „|  i,i,k..l  will  f.n.l  t„  r.voliitioni*..  the  «rt„f  ^iin-' 
...akuiK,  ati.l  that  rxporinients,  hoth  In  KnKl.nd  and  (;,.rin»iiv  hav«  prov,xl  this  f„  ,«, 
th..  (a.t,  s„  .vo.i  .H«,  thf  iniportanc..  of  the  m«tt«r.  I  hope  you  will  gire  Mr. 
Kit.hi..   all    th..    aid    and   ,-oiint-nan...    m    voiir   power.      It..|.,.ve    i„...    xoiirs    rei  v    tnilv 

.lllllN    A.     .MAinoNAI.Il." 

K' II  will;:    ,-  Sir  (  har'cR    report.  .I.it.,|   I.mi.|,,n.   \n,n,l..r    l-sn 
To  SiK  .)..M>    A.    .Ma.  noNu.ii,   I'hkmikr,  OriAWA.      Mv   Dear  Sir:    On   the  "Oth  of 
AiiKMst   l«,t   .Mr.   .S.   .1.    Kit.hi,.  hro.iKht   a   h'tt-r  from   von   to   mo  req,ie,sting  n.n   to   aid 

'',' '  •'•■i»»i"'«   '"  ♦'"•  "..tl...  .,1   the   Itntish   War  and    Navv   officer,   th..  importance  of 

the  recent  di.s<overy  in  metall,ir«y  ron»istin«  of  an  alh.y  .,f  nirkel  and  steel  .said  to  have 
v..rv  >nhiahl..  prop..rti...s  for  the  maniifartiire  of  Riin.s  and  armor-plate,  for  warships 
He  also  hal  lett.-rs  from  the  ,S..rretary  of  the  .Navy  at  WashinRton  addreswKl  to  the 
AiM.rKiin  Minister  here  re.piestinK  liis  Roo.!  „Bi,e.s  in  the  same  direction.  He  likewi.se 
ha.l  letter-  from  the  Comm<,dorc  of  the  fnit.^l  States  Navy  directinc  the  naval  attache 
of  the  American  IcKation  here  to  accompany  him  to  all  place,  ho  miuht  visit  in 
Km., p..  and  to  invpstigfito  the  proRres.s  and  results  thus  far  obtained  from  the  us* 
of  thi-t  metal.  He  asked  me  to  accompany  him  and  to  see  for  myself  the  importance  not 
only  of  this  metal  but  of  the  whole  iron,  steel,  copper  ai.d  nickel  interests,  and  to  ,ee 
th.  min.s  and  the  ores  from  which  they  are  manufactured,  us  ho  said  they  would 
visit  the  largo-t  min.'s  ainl   iiuiniifa.  tiires  ol   th.'  «.)rl.l 

"In  ccmplinm,  with  this  request  I  left  London  on  the  •J4th  of  August  in  company 
with  Mr.  C.rnell,  Mr.  Oviatt,  Mr.  Ritchie  and  Captain  Buckingham,  the  representative 
of  tho  I  niled  States  Xavy.  We  proceeded  to  Paris,  which  is  the  head.,unrters  of  the 
.New  CaliKlonia  Nickel  Company.  This  company  has  up  to  the  present  time  produced 
nearly  all  the  nickel  consuine<l  in  the  market  of  the  world,  and  of  course  has  entirely 
regulated  th-  n.arket  for  this  article.  Tho  Society,  as  it  is  called  in  France,  is  known 
as  'L..  Nickel."  It  is  a  corporation  with  $12,r,0().00<)  capital.  They  emplov  1,4.';0  men. 
they  reduce  tho  ores  iip.m  the  ground  to  a  iiatte.  They  are  then  shipped  to  Havre 
in  Frniii-...  to  Hirniiiiuh:iiii  In  Kiinlai'il.  io  (ilri-_'.nv  in  S.-.,thiiMl  ;i!!(l  •.,  K.iI.Ih,  .ii 
Westphalia.  Geimany,  at  each  of  which  places  the  company  have  refininc  furnaces  for 
the  treatment  ct  th.>.s..  mattes  and  converting  them  into  fine  nickel.  The  ores  contain 
no  other  valuable  mineral  than  nickel.  The  company  produce  cobalt,  but  this  is 
principally  ohiainec'  fiom  ores  containing  but  little  nickel,  the  ore«  are  not  easily 
reduced  or  lefined,  and  it  is  said  that  the  co.st  of  producing  fine  nickel  to  them  is 
forty  cents  per  pound.  We  call.d  upon  this  company  at  their  office  in  Paris  and  found 
them  <|iiite  iinwilliPL'  to  f.elievo  that  there  were  any  nickel  deposits  in  he  world  outside 
of  their  .wn  cf  any  in;poilnr...  They,  however,  wpi  ted  the  Canadian  C.pper  Comp..i..v 
to  nKie-  to  let  them  have  th,.  control  of  their  entire  product.  These  mines  h.  Hi..' 
almost  wholly  tc  th  ■  Rothschilds.  A  Frenchman  of  the  name  of  H.  Marbeau  is  the 
patent.-  of  the  alh,;,-  ^n,.\vi,  as  ferro-nickel.  It  is  a  composition  varying  from  one  ,o 
twenty  per  cent,  of  nickel  with  steel  or  iron  ;  usually  about  three  per  cent,  of  nickel 
is  us(<l. 
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'A  (,,iiiiia]i\  1,^1-  l.irii  IoiijumI  in  |':iii,  inid.'i  tlio  name  i,l  tli.-  F'.ii„-.N  iikfl  Cum- 
li:ih\'  1(11-  llic  MKjnul.ic  liiii'  ijt  tlii^  inal.iial.  'III.,  pati'iittf  -Mail.ran  i,,  it^  prfsidflit. 
I  111-  r.;il  i,wMi'i>  arc  pnilialili  tlir  ('rcu.snt  »l)lk^  located  at  Ciew^dt  in  Franco,  and 
(,une(i  l)>  S.  lineiile:  ,V  ('(.nipany.  'Ihis  .•>t  aMislnnent  is  to  Fiance  wliat  Knipp  is  to 
•  ieiMiariy.  'Jliey  aie  a  ;;ieat  e>taljli>linient ,  enipUjjiiit;  over  l.",.l|i«J  nifii.  We  also 
ralleil  iijiun  tlie  F'ei  ro-.\  i(  kel  Sonetv  at  their  oHiie  and  -aw  then  product  at  their 
sah>rooin:,.  We  tounil  the  iPioidonl  enthllMa^tic  over  his  diM'oVery  ,  and  the  wonderful 
reMill.-,  he  has  lii-iii  ahle  to  produce.  He  was  mndi  elated  over  the  discovery  of  a  new 
and  larne  hody  of  nickelileroiis  ore  and  pressed  the  inemliers  ol  tlie  Canadian  Copper 
Company  who  were  tliere.  in  the  strongest  possihle  I'lanner,  t(j  t;'*"'  thiir  company  sole 
control  of  tliiir  prodint:  -aid  that  tlio\  leiild  ii>e  it  to  any  estent  :o  which  it  imiilit  he 
|):o<lu(cd  as  an  alloy  with  steel.  The  Canadian  Company,  however,  declined  in  either 
case   to   make  any  lontracts  with   eitlur   the  .\  nkel   or    |-'erro-Ni'kel  Companies. 

■  From  I'aiis  we  went  to  Ilanihuin  m  (uTinany  to  which  point  the  Sudbury  Company 

had    sliippril    son I    their    product,       I'arties    troin    Vienna,    who    are    largely    engi^god 

in  the  maniilacliire  of  nickel  came  in  this  place  to  meet  lis  in  connection  with  the 
llamhiirn  peoph'.  They  wanted  to  (ontiact  with  the  .'^iidhiiry  ])eople  for  a  period  of 
ten  years  ior  the  dilivery  of  a  larne  amount  each  yea:  .  They  otfere<l  to  hiiy  the  matte 
as  now  iirodiiced  at  Sndhiiry  and  to  erect  n  lining;  works  at  Hanibiirt;  for  the  refining 
of  the  nickel  and  copper  contained  in  them.  They  pressed  the  matter  very  earnestly. 
These  people  own  the  larufst  nianiitactory  o.  (ii.i.ian  silv.'r-ware  there  is  ill  Europe, 
their  works  are  located  at  Jferndor!.  Moth  the  llainlmrt;  and  Vienna  people  offered  to 
send  a  .\lr.  Kriipp.  who  is  one  of  their  lirm.  and  a  nephew  of  the  great  giiii-maker.  to 
see  the  property,  and  learn  if  -oiiie  arrangements  i-oiild  not  he  made  hy  which  they 
could  liecoine  ideiililied  ill  the  Dwricr-hip  ol  these  propirties.  It  is  likely  this  visit  will 
be  made  in  tlii'  spring. 

From  llaniliurg  we  all  went  to  Heiln,.  The  iiukel  works  at  that  place  were  a 
small  affair  and  we  saw  little  of  their  woikiMi;  owing  to  the  secrecy  which  is  everywhere 
oLserved   in  the  ri'lining  ol   this  metal. 

"From  lierliii  we  went  to  K-sen  where  are  located  the  great  worksof  Frii'drich  Kriipp. 
The.se  ,ire  the  largest  iron  works  in  the  world  and  are  under  the  sole  control  and  owner- 
ship ol  one  man — Friedrich  Knipp.  Tie-.,  works  weri'  tarted  hy  hi-  father,  win.  died  a 
year  or  two  ago,  in  a  ver\  small  wa\  with  cnily  three  or  four  men.  The  present  owner 
now  employs  in  the  various  departments  ot  his  great  works,  and  in  the  coal  and  iron 
mines  connected  with  them,  L'J.iHHj  men.  and  one  of  the  superintendents  of  the  works 
informed  ..s  that  these  employees  represented  a  population  of  more  than  lOti.tKX)  per- 
sons. He  remarked  that  they  were  very  ri<h  in  children.  These  works  are  not  only 
the  largi'st  gun  maniitactcuy  in  the  world,  hut  are  also  extensive  manufacturers  of 
steel  rails,  steel  tires  li.r  locomotives  and  car  wheels;  the  he-t  wheels  used  hy  the 
Canadian  I'acilic  Hallway  and  hy  the  I'lillinaii  Company  a  «■  made  here.  It  would 
cover  many  [lages  to  describe  these  great  works.  They  are  g<iierally  regarded  as  very 
difliciilt  of  access.  In  fact,  very  few  people  are  ahle  to  get  inside  tlie  works  at  all. 
We,  however,  found  no  trouble.  Two  superintendents  of  different  parts  of  the  works 
met  us  at  the  hotel  and  gave  up  tw  i  days  showing  us  over  as  much  of  the  great  plant 
a-  We  wi  re  able  to  travel  in  that  time.  The  managers  were  .somewhat  re.served  as  to 
the  manner  in  which  they  cast  the  great  steel  ingots  from  which  the  heavy  cannons 
wi're  made  In  everything  else  tiicy  were  ipiite  willing  to  answer  every  question  asked 
of  th.ni. 

"Frnin  K--en  I  returned  to  London  ami  the  other  members  of  the  party  after 
vi-itmg  other  points  returned  to  Paris  and  alter  a  few  days  lenirned  again  to  London. 
We  then  called  upon  the  firm  cjf  Tennant  iV:  ."^.ins.  to  whom  tlie  Sudbury  people  had 
been  iiiakin;^  -li  i  pinruit  s  nt  icatfe  .^s  i  r  Charles  Tentmnt  is  pri'sident  of  t)io  Steel  Works 
ol  s;,,,t|  ind,  of  which  Mr.  .lames  Hiley  is  manager.     He  is  the  man  who  made  the  report 
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and  tlie  oxperimeiits  witli  iiick.l  and  stool  horowith  onclosed.  Tlii.s  tirm  told  us  they 
were  rt«dy  to  at  onto  oonvort  their  stool  woks  into  a  forro-niokel  plant  if  they  could 
only  obtain  a  pply  ol  nirkol.  and  woro  very  anxious  to  obtain  solo  control  of  the 
output  of  th  -'dburv  nimos.  Thov  said  tlioy  had  an  order  for  4,()0()  tons  of  ferro- 
nickel  platos  for  a  transatlantic  stoamship,  but  had  no  niekel  with  which  to  make 
thorn.  This  is  the  t-ouble  with  all  those  works,  there  is  no  nickel  on  the  market  to 
uso  in  this  alloy.  Kurniorly  tho  use  ol  ni(kol  has  been  ve.y  limited,  the  consumption 
nl  the  world  boii.g  only  about  ono  thousand  tons  por  annum,  nearly  all  of  which  has 
boon  used  in  tho  nianufanturo  of  German  siWer  and  coins,  the  new  UM  in  alloys  makes 
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.Tamos  Kiloy,  (diist'ow,  .'^cullanll,  wlmso  papor  on  Alleys  (U  Nirkol  and  Stool,  read  in  Mav    IS89 
boforo  the  Iron  ami  Stool  Institute  nf  (iroat  liritain^  inarkod  tho  U-ftinning  of  tlioniixlorn    ' 
U.SO  of  nii-kol  a.s  a  oonctituont  of  bigli-class  stool, 

a  «roat  demand  and  finds  the  mirkot  without  any  supply.     Wo  woro  told  in  Paris  that 
not  ton  tons  of  this  metal  could  bo  had  in  tho  whole  of  Kiiropo. 

"Outside  of  Sudbury  there  is  not  at  prosont  producod  more  than  1,200  or  1,400 
tons  of  nickel  in  the  world  and  tho  Kronoh  (Jovornniont  is  tisiuK  fully  one-third  of  that 
amount  in  the  manufacture  of  cartridge  sliolls.  If  tho  .Sudbiiiy  Company  extend  their 
works  at  purposed  thoy  will  be  producinn  ton  times  as  much  nickel  as  the  other  mines 
in  the  world.  The  utility  of  this  alloy  sooms  evorywhoro  to  be  fullv  conceded  and 
nothing  seems  to  remain  to  bring  it  into  important  use  but  a  sufficient  supply  of  the 
material. 

"Ffom  London  we  went  to  Swansea,  which  is  the  groat  copper,  gold,  silver  and 
nickel  smelting  and  refining  centre  of  Europe.  We  stopped  with  .Sir  Hussy  Vivian, 
who  is  the  largest  smelter  in  England  and  employs  ,'i.OOO  men.  lie  is  treating  a  large 
amount  of  the  Sudbury  mattes  and  is  so  much  pleased  with  them  that  he  has  purchased 
what  is  known  as  the  Murray  mine  located  upon  the  line  of  the  Canadian  Pacifir 
Railway  about  three  miles  west  of  Sudbury,  and  is  putting  up  a  furnace  at  the  mine 
12>f.  (III^ 
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111  Mr.' it    til"'   11  •■,1   ami    -l,i|i    tin    n.ntti-    to  In,   ».,ik.   at    SnaiiM-a    tn  !.•■    rit'itn'l        lli'    I'X- 

|ir<>..ti|  tlif  hmlii^t   iipiiiiiii  "'t  tlii""'  pii'iMTtif.  ami  .•  lifsiif  tu   l.<'  r,,i,ii. .  tiil   witli   th.Tii. 

■('oliiiim  Ij.K  k   fiMin   l.diiilnii   w<-  lallnl  at  '}»■  .iflin-  ni  tho    li.ii    lint..  ('i.|i|iii    Mitivs 

Th.  -1  (i,i;..  ■  .It.-  Ic.iti.!  .  II  t|„  Mititliirii  ...a-i  '.t  "<pai(i  alu.Mt  :V>  mil' -  in  a  (liU'.f  lino 
Iiini  till-  tnwii  .,1  II  ;ii..i  1  hi-  iliri'i'f  I.I .  .,t  i|,i-  1  nil  jiari\  iiivitmi  ii^  to  j^rj  ai.'i  vi-iit 
lliini  .iImI  «i-  ilnl  -..  'I  1.1 -••  ari'  tlii'  lar^''  ■•  ■  .iiii.i  i  iniiii-  in  Ki  ope  '11. i  v  liavi-  I.im.i< 
ui.tkiil  n.Mi.-  I.I  li  -  inr  t«i.  tlii)M>«ml  m-.h-.  -i...s-ni.U  l.v  I'ho-nii  i.m-.  l{..n.in-, 
'"..i!i-  II  .1-  .M..III-  ami  Spaniani".  ami  i.mu  h\  .m  l!'i.;!i-li  i  ii!iipan>  I  In-;  an-  htv 
lar;;i-  li'i..."!!  n|  1.,m  j^iaili'  mi'  aM'  au'iijif  .inU  J  pi-i  .  •  m  •..ppiT  \Vi'  uiti.  vitv 
kiiull>  i-n'i  1  t;iih.il  l>  tin-  .iinp.in\  iipnn  n'lr  ainv.-;l  anil  wcro  shown  thoir  whole 
pr.-i---       'I'ln*     nii'ii'    :,l.iiit    iim    anil    a    h.ilt    iMlli..n-    i.l    t,.n~    pir    aliii'iin        l'»r'    uf    tliis 

I  l.i|.|.i'l  t.i  till  -iilpliniii  .11  nl  p  ak.  r-  ii.  Kiii'i.itwl  ^. -.tiaiiil  and  thi.  rnifiil  Stati-«. 
.1'  I  tl.  I..,lai..'  i»  iitliir  riil'iiiil  tn  natti.  |.\  -milting  in  thp  f'lrnarp  iipnn  th"  cround 
ai  .1  til.,  n  at|i.  ~.  i:i  i , .  I  li.  ■  n'l  pan n  '  ri  fin in^  I '  r na.  •  i  ■  i'  ^i  at.  ■•  i  ■■■  t '  .  ..•!... 
IS  loailii-il  out  i.f  till.  .1.  ii'ij  I  !..in_i  i  .  '..l  a  .1  li  !  ■  •  i  ii'it atril  upon  iron. 
'Ilii    ...iiit.a:,v    1  M.pli.v    at    till-   iriini-  all'!    .af    tin'   r.fiiilni.'    Hmki    IJinK"!  men       Thr>    havi.   a 

liai.-  ai.'l    a    l...iii!.  .1  .ipi'al   .1    ^.C.  i"« a'.'l    ii.    1 -"v  tlii\    panl    a   liiviili-ml  iif    17    pc-r 

'  1  nt  ipiin  thiir  -'i.ik  .\us  ■!. -•  i  i|.' inn  i.i  1 1  •■  ^Tiat  i.-tal.li-hirn  tit,  anil  niini'-  vi-itixl 
1.  ■  i.nil   till     n.i-ti.  i.iilini'   ^'i\in   ui.nlil   i-\(  i  fil    t  l.i-  lin.ii  -   .>t   a    mp'Tt, 

I' ail    till-  .l.ita    HI-   I   mill   III. tain    I    «a-  r..inimi(l    that    ,siidl.iir>    lamid  coiiipcto 

vitli    .ii.v     pi.i.i     III    th.-    u..rM    III    till.    pi...l  ii'icii    111    iiipp.  r    and    that    it    roiilil    produce 
i;i.  k.  1    ti.i    al.ont    iim -li.ili    tin.    prn  i-    at    wlmh    tli..    K  •  m  li    niiiipuliy    ciiild    proilm-e    it 
rill    l.i--t   .  \  idi  nil'   I    ii.iild  1. 1. tan.    i.t    tin    Hal    iiiip..i  t  ain  •■  .1    t  hr   Sudliiirv   niini".   wa-i  tli«> 

II  .mill -t  di--iri'  Ij.itli  ill  Kii:;land  and  upuii  tin.  -•■itiiii-nt  nf  the  lary<"-f  siiicltors,  and 
•  nii-Mirii-  ..f   I. .til  riipp.  I    ..iid   Miikil   til  lii'i  DiMi-  till-   iiHiiiT,  nf   the   mines  or   to  c.introl 

I  h It;,. It        Ml      Hit.  Iiii.    I;a-    iiirniOiiil    nil-    nitli    tin-    most    minute   detniN    of    tho 

.  \|..  n-i-  1.1  1 in.  in.;  tln-ii    mati  rial,  anil  hy  rump. nine  th>'-'-  ticures  with  tlinw  piihli>liitl 

l.\  the  laririr'  rnnipaiin  m  Km  ..pe.  I  ..arinot  .-.rape  the  nil  ln-ion  that  tliij  enterprinp 
I-.  I. lie  nf  the  Tiiovt  iiiiiinrt  a  nt  it.  Caiiaila.  Takiim  tile  three  i-i.nipanies  lii^etlier  I  believe 
ihiie  .ire  nirlv  twii  i.tlnr-  uln.h  are  likely  to  e.xi  eed  them  in  iiiipor'ain'e.  and  they  are 
('an.iila-  l«o  primipal   railway  -y^t.-nis. 

I  iiit.-i.di-d  that  iiu  I.  p., It  -hniild  ^inp  he  e,  hut  Mr  Ritchie  a^ked  me  tu  kg 
u,t|,  him  t.i  iiiniiinr'ham  and  <h.-llield.  and  '  did  «■>,  .\t  Itiriiiiiinliam  we  i-alleil  npnii 
M.s-.r-.  llenrv  Winein  A  C.  I'hev  and  .'^ir  llii-.>ev  Vivian,  et  Swan-^ea.  are  the  two 
prim-ipal  iiirkil  retim--^  in  Kntdand.  leilHiIe  nf  thnve  owned  liv  the  Krr-nrh  ronipany. 
Till  V    i\iiii--e~il   the    -1 1  ..ii:;e-t    desire   tn    l.i-inm.-    ideiitiCiid    wi'li    tlio    Siidh'ir\    lompany 

Tlii-v  were  the  ino^t   frank  and  unreserved  al t   the  eo-t  .ind  nianipiilation   nf  tlii<  inetal 

in  It-  ritlniti.:  pro.  n^-e--  •  f  anv  people  wi  had  iliii-  far  n.et.  They  were  bNo  treating 
till  >;iidl.>i  \  iii:itti-  whih-  »e  well-  there.  Krnin  I'irminiihaiii  we  went  lo  .Sheffield  and 
lisiti-.l  the  -r.  at  irii.  ihl..  -t.-el  w.-rk-  nt"  Willmn.  .f. --.  p  A  Smi-.  rim-n  wnrK-  li.i,.- 
l....-n  in  IV. •ration  for  a  hnmlied  Mar-  am!  an-  in-ohal.U  the  rniwt  fin, on-  f..i  th.-  Iii-.'h 
iharaiti-r  ..f  tie  ir  si  ml  nf  anv  nork-  in  the  wnrM  I'h.  ir  maii-mnr,  M  .1  !■  Ili'i  i.a- 
rpiiill'  f..r  till-  1.1-1  tun  \ear-  heeii  expi-rinieiil iii«  with  ii.ckol  as  an  alloy  with  steel, 
and  la-  pn. dined  the  iim-t  Hnmlerfn.  re-^iilts.  I  was  shown  pie<H'8  of  steel  containing 
n..  n  ore  than  !ivo  per  .ent.  ni  nn  k.  I  and  m-W  •  i''  n  h  .|iiai--  ulii.l.  -Ii..im.| 
iiii-ile  -tri-imth  -iilhii.iit  to  lilt  and  support  two  locomotives  with  their  tenders. 
I'h.-e  are  the  iiio-l  wonderful  result?  ever  obtaitieii  from  steel  in  any  form,  -o  I  am 
inrninied,  .\  hundred  pound  hum  i-  nearlv  eoinplitiil  hy  thi-  firm  for  the  Itritish 
(invi-rnniont.  and  ih.-v  told  me  thev  had  onh-  -  lor  tlmu-amN  of  tons  of  thi-  niekel 
-teel  but  had  in.  niikel  with  whirh  to  make  !•  Th.-  firm  tonk  iiiurh  pains  to  show 
lis  rvprythinc  eonnectiKl  with  tho  process  of  prndiuin;:  this  metal  and  answered  iin- 
(iesitatini;!v  evorv  .|uestioM  asked  of  tin  ni.  Mr,  Mall  wa-  not  present  when  we  wore 
tl.er-  hut  laine  to  I..indon  tho  ne\t  dav  to  -ee  me.  and  ho  and  Captain  niickineham. 
who   represents   the    Inited    States    Navv.    .mil    Mr.    Hiteliie  all    met    in    my    otbee.      Mr. 
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H.-i..    I.  .i^ht   t!„.   sai.;   .,   «,!t:   nin.    troiii   wiiuh   mch   iroiid^rfiil  reciilt.,   ;,,t.-   oLtainnd. 

•" '■    *   '•■     '''i'"^    H -;l>itiKha:ii    Slid    inysolf    tho    full,.,*    inform.iM,,ii    r»>Kanlin«   all    h:  ■ 

' •■-'-    "'"^   '■•■'■■'"-       Tl,..    r,,[.fain    fI..rU,,M)    that    )ho    f..,co.,.s   ,,f    s  ;.  !,    uporim.-rN 

».,..l<l  r.-vol,.tioni7.o  th-  «i,.,l,.  art  „f  Riirimnkii:;;  i.n.i  thr  maniiUrt  ir-  nf  «rn.  ,r  pUto, 

Mr      H.ii:    ,:iui  th.n    «h.ili.  oporaf K.n.   w.-ro  a!   .1   sfan-l-still    f„r  «•«„•   ,,f   „;,  k..)      (,  ;•    (.,• 

!...'!    .r.l.r«   f„r    n.,iiiv    t!i...,.,-„„ls  ...f  t,„is   of   th.-   s ;   an.l   .-...il.i   •!..   ip.rhi,^    »,.(,    'ii„.rt, 

for   I;iik   I'f  th'"  Ml  kf  1  .  that    ).i<   i"il.i   firni-t    ar\    u-ir.ni,t    ),.>!.    •      .1       /■  .  ■ 

"  '   1  iiiii-i.   ai._\    a, I, flint    ii'.»fi   *.>  t  hi*   do^  orniiii'tit    ar^-l 

»•■    iiulivi'iiials 

"SMrh  („.„,;,  th..  r,„„iit|.,,.^  of  th.'  tiiark.t  f,.r  this  inotal.  ;,:^,1  Can,-,. la  .  umt,-  th.. 
CovPrniM«  vipply  of  th..  ;,,rl.!  I  h..v..  «-k..i  n^..,|f,  Whv  rat.nu'  C^.ia,!;.  h..-.,.lf  ,"„„k.. 
this  ^t. •..!.'' 

■■■Ih..r..  H  .,.,•  ;.  , I, ■■,!.,  ,ha-  th..  h.  <•  p,.,,,.l,.  ,,,  i:,,^5l,,r,.i  »,./,!  r.-^i.h!v  jn,,,  in  fho 
.•M..rpn-..  Ir.  ai.-«..ni:.;  thi,  .,  ;.  sM..i,  t  h-  'Uu.  ..I  1^,1  ,,•  ,,„  ..  ,„n,..,  •.■.,  an.!  I  i.-arr: 
;;.'.i.  iri.|M,r>  l!iai  CUu  ;,^.,  has  th..  l.r>;..st.  ^t,.,.t  an.i  :ai;  miiIN  im  th..  I'mt..,]  Stat.'s 
.-h.-  ha.il-  a!i  l.,-r  .  okf  ..Mth  »l,„h  sh..  mm  I  „■...,  l...r  u.i-.-  a...i  m.^lt,  h.-r  pij;  irun.  from 
''  "'">ll  ii.  I.'.  I'.MA-i-.  nua,  a  .i..t,ii..  ,.r  ..■.  .r  ■.  n  rnil.  Sh..  aN,,  h-..;'  I  .  r  ..... 
to  h.r  mills  and  fiirna...,  lion,  th.-  mine's  m  Mirhnjan.  a  .infan...  ,.f  ov..r  I'Wi  tnil. - 
Canada  ran  ohtain  rok.-  from  IVnnsylvania  at  a  haul  ..t  n<.t  mor..  than  4W)  miles  to  th.. 
or.'S  of  Hastings  ciinty  A  hto.-l  works  lo.al.-d  in  this  n..iKhlM,rh.,.Hl  would  havo  th.. 
..r..s  immrdiat..lj  at  tho  i.lac..  wht-r,-  th..y  w.,uld  h,.  r..duro.l  Why  then  should  not 
Canada  utili/.p  'h.-s..  ir,.n  or.vs  and  thoso  ni-K..!  or...  and  mak..  this  f..rr..-nirk..l  upon 
h..r  o«n  tornt.uv-  Why  .should  she  not  ^o  farth.T  and  mako  thi^s  nirkol-steel  and  thii 
ariMor-plat..  up.,n  h..r  own  t..rrit<.rv  -  If  th..  Covrnmnnr  takps  th."  prop.-r  action 
th.-rr.  is  1.0  doul.t  that  tho  h...t  skill  an.i  th.-  stron^.-t  (man.  lal  harking  m  Kn^lam'. 
'■ould  hp  had  to  carry  it  on,  and  it  really  l.,oks  as  if  it  wpr..  p..sMMr  for  Canada  t.. 
r..ntr.,l  thr  rhararter  and  r.friri.^ncy  of  the  ituns  and  th..  r:avi.--  of  the  world  I  am 
l.d    to   say  this  mu.'h    from   th."   statements  of  ev.-ry   .xper'    wi'h,    whom    I    have   ta!kf><l 

"The  .■..nditj.,),  „f  the  iron  nia-k..'  h.-re  1.  un^isuEllv  far,. rah!..  f..r  ..nli-tin>!  th.. 
n.-'-.s-ary  lapital  for  an  enterprise  ,,f  this  kind  The  curious  state  of  affaiiB  is  now 
presented  here  of  i.on  heing  higher  m  Kn({Iand  thai,  in  the  fnit,.<l  States  I  enclose 
y.iu  slips  from  the  !)ap..rs  showing  th.-  con. lit. ,r-  .1  tli..  mark.-t  Kv..rvwher..  I  have 
h...ii  <■  the  C..iilin..nt  tl,..  san'e  c,,n.!ition  of  th-  tra.ie  is  foui;d  I  cannot  but  feci 
that  .  15  Canada's  coiden  opp,,rtunity  to  no.v..  and  pro.!ur-..  her  own  iron  at;d  •■tee! 
as  w.'li  as  nickel  st.-el  for  other  countries  S^d  )  CiuRi.f.s  Ti  I'l-KR  " 
London,   Novemher,   1889. 


I 
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Cost  of  ProdutifiK  Matte  in   IHMV 

F.,r    use    while    in    Kurope.    Mr.     Ritchie    had    armed    hirr.s..lf    with     an.ilys...s    of    th" 
Suilhury  ore   and   figiires  showing   the   est   of  producing  matt.-,   ..to       AmonK   the   stat«. 

-oent-    wa-    .,!„     .!af,,i    Se„t K.r    1"'.'     fr..ii     Mi       H      j-      \M„.,,.h      .<,,,.,,,,    ,,,    ,|„, 

Canadian    Cpp.T    Cmpany,    which    is    of    interest    as   showing    the   cost    of    converting 
the  nickel  o-e   ini,,   niai-     at  that   time       Mr.    Mclnfosh'.s  letter   reads: 

•S.I     ItiriMu     Ms.,,      Car..   Mort.h   U.,se  A    C'.,  ,   I.ond.in     Knii       D..ar  Sir      In   com- 
;.lian.v  uith  \..ur  t.-l.-^ram  of  this  ni.irnin^  w..  ei,. 'ose  h.-r.-with   assa;   report  as  follows 
Mr     Hoffman's    r.  ports   of    March    I'.th    an.i    O.t      Ut    ICJ-,-     ]>r,,f     rh..ipman's    ,f    .s,..[,t 
■-'4tli    1«-.-      (Irfo-d    Cpper    Co's    np.irts      I),.c      Kt ,    2nd    .-.nd     "•h     1^"'      .-i.errv's    ..-rt- 
No-    'J,   .'(  ,,n,i    1.  (),  ,„1,..,    -S,l,,   ]gfi-     „r„i    v,„    ;    g  ^„,,  .-,    x;,,^.    ,„|,     ,^^..   ^^^j   ,_^^  ^__^_ 

•N'.>v      12th     18-7     showioL-    r..-u;ts    of    siher     ns-.iv,    -itiii,!..,    ,,f     fift....n     car.      hiriocl    • 
Nickol's    l.aur..)    Hill     W..,k«    and    complete    analv.sis    of   .opper    ore        I    have    p-eserved 
no  copv  of  til..  i,u..uoii,;:     ,,,..1    as   th.v    ai.    th..  ..niv    r i. 


.1    o!    th.-  sail,.-     kindl>    p-.s..rv.. 


■   I    also    .nch.s..    a    copv     <,f    the     report     of    the    (lrf.,rii     shipment.    aUo    rep.,rts    of 
m.ntlilv    as»a>s  t..r   the  Copper   Cliff,    Kvans   a,,,!  ,Sf,,hic   up   t,,   the  last   in.st 
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lUirrnii  ft  Mines 


Thi"  ii«'iiiir.<i! 


i:.(iMt'    i«    a^    t< 


Mitnin;    ].i'r    toi. 
Transji    rtiiiK 
('riifliii;^;    ■,iu<\    l)»(linf; 


Cost    (if    "to    per    ten    itt    th.'   ri...>.t 

Roasting  [XT  tun 

Delivpru.K  triiin  U     II.  ti.  >i:..  lt«r 

SineltinK    t"  ^    '''" 

This    in.  liuit's    .11    fufl,    Utior.    I'l. 

('I'.^t    cif  onv  ton  i.f  citf  in   in.itt.- 


.ai. 


$-J 

ru 

•J.V. 

,38«; 

$.1  431 

17 

■jrt 

1 

76 

$.'.  641 


"The  abrivr  fujiins  .if  l.as.-l  i,n  r.|M.-r<  fr..iii  tl,o  1st  of  U-f  F  .-I,  t<.  tho  Ut  of  la«t 
month,  that  i«,  six  months,  dirink;  »hn  h  tirii.'  th..  avfrag"  run  ol  th.'  fiirnaro  was 
'J  H7   ton.H  of  oro  into  one   ton  of  matte. 

".Mii!ti|ilyinK  $-''>fi41  hy  li  h7  P<|uaU  $,1X7.".  i>..r  ton  of  inatt<.  Thii  ro.t  \»  ba»«<l 
on  the  w<ir'><inK  of  jme  furnace  to  which  all  the  fixed  charnes  of  snieltinE  are  fharRod  ; 
and  now  that  ».•  have  ^;ot  tl.4'  two  fiirna(e!;  Koinj;  the  cost  will  pruhahly  be  reduced  to 
at  least  SAI  per  ton  and  a  greater  niiniber  of  furnaces  will  reduce  it  itill  lower  than 
thii,  for  there  many  of  the  fixed  charnes  that  will  not  be  increased  by  the  increaae 
of  the  number  of  the  furnaces,  therefore  the  proportion  of  these  (  harneil  to  each  ton 
of   matte  will   derrea^e   a.-    the   number  of   furnaces   increase 

"The  above  remarks  will  also  apply  to  the  cu^t  of  prodiicinn  the  ore,  for  this  cost 
includes  many  items  of  construction  which  will  have  to  be  duplicateil,  and  besides  as 
the  production  increhses  the  fixed  char>;e.s  will  not,  therefore  the  amount  of  these  per 
ton  will  decrease  We  have  calculated  all  of  (;ur  fi({uriw  against  ourselves  so  as  to  have 
our   factor   ol  safety    sufTiciintly    large       Vciy    r.spectfully.    H      f     M1»5.ntc>-,ii,   Sec'y  " 

"Frt  rate  on  shipment  just  leaving  for  .Swansea:  $9  1,3  Sudbury  to  Swansea; 
?7  .'il    Sudbury    to    Live, pool" 

Mr.  McArtiiur's  (estimate  of  Custs 

The  possiblity  cf  utilizing  the  ores  of  the  northern  nickel  range  has  been  con- 
sidere<l  by  various  parties  ever  since  the  range  was  brought  to  light,  fifteen  years 
ago,  among  others  by  Mr.  Uitchie  himself,  who  in  19<«  carried  on  correspondence  with 
Mr.  James  McArthui,  formerly  for  many  years  general  manager  of  the  Canadian 
('opper  Coin|iany,  and  superintendent  of  that  company's  works  at  Copper  Cliff,  on  the 
prcb.iblo  (ost  of  producir.g  nKkeUopper  matte  from  the  ore  bodies  of  that  ranee 
bated  on  his  exporienco  in  the  Sudbury  region.  Mr  Ritchie  propounded  a  series  of 
questions  designe<l  to  cover  the  ground  in  a  letter  to  .Mr  McArthur  dated  14th  Decem- 
ber,  liM),'),   to  whicli  the   latter  made  reply   as  f..llo»s 

"S  J.  Ritchie,  Esq.,  Dear  Sir:  I  have  carefully  noted  your  favor  of  the  i4th 
inst.  with  names,  estimated  extent  of  ore  bodies,  and  analyses  of  the  several  properties 
therein  mentioned,  which  taking  the  rough  average  of  the  19  assays  as  shown,  would 
g.vo  nn  average  value  3.5  nickel  and  1  .■)  copper.  This  is  a  better  value  than  tho 
Canadian  Copper  Co  could  show  if  they  bunched  all  their  properties  together  for  an 
average  sampling  and  assaying,  which  would  probably  range  round  2.5  nickel  and  2  1 
copper. 

"Commencing  with  the  mining  costs.  I  herewith  submit  approximate  cost  for  the 
mining  and  treatment  of  603  tons  ore  per  day,  with  a  furni.ce  concentration  of  seven 
into  one,   product   35  per  cent,   matte. 


'■^^ii.&sari^i^JvSi^S 


';«-n""-  -t»  -!  »!•' 


^i^iUfi. 


-^    .' r   ■*- 


>;f{5,%f:/;;  ^^'^^ijsb':^ 


s.^^':^ 


1^  :^  -l^^M'^^g  wsr^mccMM^^^-m^ 


VMti 


Appcmlix 


Ml 


M'»*k(»\IMAIl     MIMNti  CO^rs 

1  mine  c»pt«in fH  .Hi  -      x  (k) 

2(0  minprn,     lielptrs,    trminiprs.    <tc  ,    «viriint>     rate     1    81)  3(K)  (HJ 

20  rock  hovihe  hclperi,  arei  ago  r»to       1   40  28  00 

1  rock   house   foreman                                 ,  , 2  00  2  00 

1  clerk    (tiine-kffp*r)    1  CO  1  GO 

2  hoistiiiR  cngiriwrs   -  i»i  -1  00 

2  Groineii          1   TS  3  60 

2  firnncii     helpers     1   41)  2  80 

229  mm  at  an   avcrane  rato  1  78  409  90 

or   an   %Terage  of  08  cents  per   ton  o(  ore   for  lahor 

Coal  consumption,   15  tons  at  $5  .W  (a  hi^h  prm)          82  60 

400  lbs    djn.imito  at  lie.                                                          44  00 


Total   cost    fiT    mining   600    tons   ore 

or  total  mining  expense  89.4  cents  per  ton. 

MINING  AND   ROCK  HOUSli  PLAN! 

Estimated  cost   for  an  output  of  COO  tons  daily. 

1   rock    house   $3,500  00 

1  crusher  and   engine  2,200  00 

2  mine   skips    500  00 

12  mine  machine  drills   2,700  00 

12  mine  hand  cars  one  ton  capacity 900  00 

1  mine  blacksmith  shop  and  tools   200  00 

1  boiler  and  compresisor  house  .    lif-OO  00 

3  100-h.p.   boilers    9,000  OO 

;<•"., 000  brick  at  $8,00  per  M 280  00 

Mason  work   and  mortar  at  $C.00  per  M  210  00 

1  compressor    4,000  00 

1  mine    hoist    4,000  00 

15  log  houFes  at  $250.00  each  3,70(J  00 

1  log   boarding   house     2,000  (X) 

Sundries,  such  as  pumps,  trunnels,  sorting 

tables,  wire   ropes,   etc 2,00<J  00 


$0.%  40 


Rough   estimate  for  mining  plant    $3C,690  00 

Carried   mining  costs   $53f)  4(i 


ROAST   YARD   EXPRNSE  FOR    ROASTINO    600   TONS    DAILY 

Men 
32  at   $1.40  unloading  ore  from  cars,   wheeling  and   building 

same  on   heaps   for   roasting   $44  80 

7  at   $1.40   layini;   out    tordnood    into   the   difTeri-nt    lud,   :r  ■! 

roasting   the  same  9  80 

50  at   $1.40   loading  roasted    ore   on   cars,    blasting   the  same       70  00 
1  foreman   2  OO 


90.    Labor  item   being  21c.    per   ton  or 

Roasting  fuel  for  600  tons  ore,   15  cord«  wood 

at    J2.C0    per    cord     

Dlasting,    120  lbs.   dynamite,   lie.   per   lb 


13  20 


i?l'-'i'  r,() 


43  20 
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Bureau  ut  K\ine> 


liH.I    and   ilvnaiuit*   l,..in>;    7    1  ,j    coiit.   per    ton. 
•■■arnl    l„tal    t„r    ..,aMi,.«.    I.cni^;   'JH   1-5  com,   |„.,    t, 

"I     in    all  .      . 

Hw.'lliM^s.    5   |o«    houses   at   #l':,i),(K)  oacli 

Men  ''"*"'''    *"     ■''^"  '"^<'  """'    "»^>  l>\ll  \ 

4  fpodcrs  a'   $2  00 
18  rliarco    win  ("Iprs.     $1,75 
18  pot     nlipplcrs,    $I.7.'i 

2  topp.Ts.   $2,00  .  

8  slaR  olcvat(r  men,  $1.75  

2  foromon,    .*'.' 25    

4  iii.sirli.    l.ibnro-.s,    $1.40 

2  boilor  firemen,  $1.75  

2  boiler  firemen   help,   $1.50    [[[[[ 

2  enKineers,   $2.00   '"' 

C  load,    weigh   and  .^hip   niatto,    .«1  40 

6  iiiiloadinK    foreign    coke    rnr.s,    $1  40 

1    iinloadinR  foreign   coal   car.s,    ?1  40 

1  watchman    


No.  5 


$109  HO 
1,2.50  00 


Total   smeltmt;    labor   21}    cent,   p„r   ton  „re    i.er   dav 


$  8  00 

.31  50 

31  50 

4  00 

14  00 

4  50 

5  60 

3  50 

3  00 

4  00 

8  40 

7  20 

1  40 

1  40 

IL'H  fK) 


r uii   cosi 


84  tons  coko  at  $7.00  per   ton 
17  tons   coal   at   $6..50   per   ton 


Total  co.st  of  fuel  per  ton  ore  smelted  $1.1,3,  or  daily... 

Grand  total  for  labor  and  fuel  in  smelting,   $1  35  per 

ton   ore   

Carried   working   costs  : 

Mining 

Roasting  

Smelting    


Or  total  cost  of  all  departments,   being  .$2  .W  per  ton 
Add    for   incidentals     20  " 

Giving  a  grand  total  of 


$688  00 
93  50 

$681  50 


$809  50 


553G  40 
169  80 
809  60 

$1,515  70 
ore  smelted. 

$2  75 


SMl£LU£R   MACHINKRY 

1   furnace   building  and  bins 


1  600-ton   furnace  with  equipments 
1   No,  8  Connorsville  blower 

1  elevated   water   tank   

1  granulating   slag   equipment    

1   office  and  store  house  

1  !.-Lborai./i_v    

100,000  brick  for  chimnoy  and  d.r^t  chambers,   at   $8.00  per   M. 
Mason  and  mortar  work  at  $6.00  pei    M 


$5,000  00 

10,000  00 

4,000  00 

1,600  00 

2,000  00 

,300  00 

1,000  00 

800  00 

600  00 


■f^^-.A^M^^s^' 


<^:MLL*^m 


m^MS^M^m^^^^^^W^WmW- 
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I 

And    t<lf«   of    nickel  timrinf   cnii'ix* 

In  HIrtaril  ttn<t  (larmii 

In  Cr»igh(oii     towiiihtp 

III    Irill     ulid     Kitlrlmnk 

K'>ii  UVe  u,  Wiiiilr  Uk« 

Vnri»tloiii   i»f 
Anil   i.h.nc  of  »riiirii»«   rooki.  analym  of 

116.    117, 
Ariiiioiite  Jl.  39,  <0.  f.7.  IK.  Ul, 

Adiimvlioie 

All.lt*  

Alitoma   Oetitml   Hallway 

Alicoll'iuill     liikv  '      - 

Alumina  , 

American    Ni.kal    Worki 

Anipliilioliti' 

Aiiiyifdilni'Ig  '8, 

An.U.ilM..  lOr    111. 

Am:lo  American    Iron   Co.  I'O. 

Korltitt'l"n    of 
AniTiilku-    foriniilion  10.    H. 

Ankerlte 

Aii'Tlti"«lle  23, 

Aiitiilino    of    aandiione 
Anlhraiollie  

Aiialyiii    of 

Ap.ltltc  ID'.    116, 

Arclieiii   formation  10. 

Ard.igli.  K    ()    H.  analytl*  of  ro<  k  by 

Aruoiilan  

Arko«  B.    92, 

Armor   iilatei.   nickel-ateel  16^. 

TeiH  of    by    V     B    Oovarnmcnt 

AniiitrorK    lake     

Auulle         108.   115.    119. 

AwarnUe 

Aiilda  5^. 


37 

li 

(4 

11') 

IIH 
ItJ 

im 

124 
7 
102 
128 
140 
123 
11'* 
III 
172 
170 

HS 
lt.l 
I2S 

97 

9'i 

96 
12'. 

14 
117 
IM 
127 
166 
171 

64 
126 
151 

69 


Hain     .'     W.  analyiii  of   matte  by    152 

r.,lrl..«.   Dr     A.    E  1.   139 

Reporta  by  4,  17.  107,  Ul.   134,  146,  137 

Uiiic  pbaae  of  eriiptlT*  rocka— analyiei  of 

116.    117.    118 

Baai    lake      73 

Beavcra ■  ■  ■  ■     70 

Bell.  I)r,   Kobert 1.    135 

Kepurlt    by 3.   56 

Beiiemer  matte,  analytet  of  152 

Norwcifian,   conteiita   of 155 

lieiaeuier.  Sir   H.  165 

Bethlehem    Hic-el   C)       172 

Big   I,evac'i   nickel   mine  68 

Biotite      .      ,  32.   56,  lOe.  Ul.  124,   126.   128 

Bitumen 96 

Blei.ird  mine  reirion    55 

Bleiard    nickel    mine    56.  81,    142,   152 

Bleiard    township,    acid    edge    In 62 

Bleiard'Whitaon    lake  teclion,  analytia  of 

rocks   from    116 

Blueile    160 

Blue    lake    15,    73,    115 

Bonney.   Prof.  T.   0 127.    131 

Bornite    , 161 

Boucher'i    nickel    mine     145 

Boulder   clay    101 

Bowell    townibip    69 

Breccia    12.  34,    41,   61,    68 

Britannare     124 

Brown    calcinera     140 

BuckinRham,  Capt 175,  179 

Uy  townite     119 

Oalcite    40,    132,    163 

Oameroc     lake    23 

Cameron    nickel    mine     55 

Canadian   Copper   Co 136,   144,   172 

Formation  of   170 

Minc»  cf    136-139 

Hmelting    operations    of 139 

Canadian  Paciflc   Railway   7,   134,  136 

Bault    branch    of    106.   137 

Capreol    townibip 73 

Carbonates     153 

Carbon,   in   Onwatin   alate  /..   133 


I  .  .r 


lU'     ri'Dninic     {.rocfies 


142 

172 

1 

162 

162 

169 

94,     U2 

146,  160 

10,    96 

IJJ 

100.    130 


('arl'..rimon..iuI 

CarfiPirir   Hin ;    ( 

lUrier.  W    K    11 

Caiiite'-ite 

t'Htheriiiet,   Jules 

Central    I'lii.trio    Kailw.tv 

Chalri'doiiy 

t:h,ili.ipyrlii>,  14,  15.  Jt,  in,  78.  Ill,  116 

(.'hflrnaf..r'l    Biiiditone 

I'l-'rograpliy     of 
(.lirrt  64,    68, 

Chiiigo,  or  Tra\<rs  nickel  mm*        2J,  81,  144 
Chlorite  93,    110,    124,    128.    133 

Chr'.iiMiirti  148     150 

Ci  ir.i   Bell  lake  4o,  4l 

I'lar.i    Bell    nickel    mine    40 

i'l.itsinc.ition  of  rockt    8 

CI  ly    hell      J06 

t  If.ir     lake 7J 

<  ol.ilt  148,    151,    156 

In   Norwegian  bessemcr  matte  154 

In    Hudhury    matte  \il 

I'rodiicti..ii    uf    In  Budhury    district    .         154 

Coe.    William      170 

Coinage,  nickel    164 

Coll.y.    A.    I.,  165 

Coleman   township,   silvsr-oobalt  ores   of..  154 

Congl.iiierata    J,  8,    57,   64.  92 

(Ireywack*  . .    93,    129 

Sfi    also    Trout    laka  oonflomerat*. 

Converse.  K.  C 172 

Copper 135,  137 

Absence  of.  In  New  Caledonift  niokel  or*  150 

In  Sudbury    nir.tte    152 

In  Hudhury    ores  151,    15S 

In  N'jrweglan    bessemer    matt*  154 

Native     162 

Production  of,  in  Hudbury  district     .         154 
(1.1. per  Cliff  nickel  mine  3.  20.  42,  137,  15t 

Production     of     156 

C'.ipper    Ciifl   offset  44 

Noritc   of  114 

Copper    Cliff   smeller  141 

C.jpper    pyrites      Arc    Chaliopyrite. 
Creigbl.>n    nickel    mine       20.33,81,137,139,152 

Analysis  of  r-jck  from  112 

Production  of         .     . . )54 

Creifcfhton  township,  acid  edge  io 37 

Cry.lerman   nickel    mine    60.115 

Cull.ert,    M.    T        1,73 

Analysis  of  rock    by    112.   116 


De   l.amar.  Capt 

Development  of  nickel  field   

Diabase    14 

Dikes    

Diallage    .  3. 

Dickson,.  Dr.  C.    W    

DikeH.    diabase    

Or. mite    fr.jm    

Di'ir'to  40 

Si-e  also   Norite. 
Dip-needle  method  of  locating  nickel 

Disro  Island,  nickel  deposits  on    

Dolomite 

Dominion  Mineral   Co 

Dominion  Mining  Co 

Douglas,  Oregon,  nickel  deposits  in 
Dri    V  Nickel  Co 


172 

134..  166 
43.  73 
84.  125 
107,  115 
.  ..  17 
84,  125 
124 
43,    116 

144 
.  ...  151 
40,  163 
...  56 
. ...  142 
146 
. ..     144 


Edison,  Tnomas   A    15,  144 

Elva,   lealy         151 

Eliie  nickel  mine    ,.    50,   81.  43 

Ki   ma     lake       37.38,7? 

Enstatite   3,  107,  115,  119,  148 

Kpirt  Ue    71,    112,    115,    133 

Eruptive    rocks    2 

Acid  edge  of    23,  37,  62,  64 

-Analyses     of     ug 

Area    of    nickel-hearing     11 

AsBociatI  jn  of  ore  deposits  with    2 

In    Huronian  9 

Later  14 

Nickel-bearing    erjptive    sheet,   composi- 


y 


[184] 
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1    boiler    KiouiDf;    I'l'sjinc    lioiise 

3  100-h  p    l»,iN.i..     

1    pump.    1.000  gallons  rapacity 

10  lot;  hiiii^cs  at   ■•f'2.50.00  each   ... 

1   lioardiiiji  linn-^c  


l.."lKt  00 

it.(K)(i  (HI 

■J,(K)()  00 

•J, 500  0') 

'J.O{K)  Oi) 


Appioxiiiiate    co.vt    .snipltinp    plant 
Appro\lniat<i   cost    niiniiifr    plant    .. 


.«4i,;ioo  no 
.•ic.orio  00 


.Vpproxiinatr  co.'-t   of    total    plant    ,*77,fl!)0  00 

"For  nioilcrn  plant  x'c  J.  P.  Cliantiiiic  H  Hroadwnv  .\c«  'idrk,  \\\ui  ari,in>:.^ 
and  built  thi-  Teiinc-soo  Smelter.  Ti-nn.     ,I*s    Mr.\iiTHiit." 

Tliertst  of  labor  and  pn-<.il,lv  aK'  of  niiirliincrv  and  supplies  \u\<  adiamed  sineo  tK, 
date  of  Mr.  McArtbiir's  esliniatp,  for  wliirli  due  allowance  would  liave  to  he  made  i;, 
applyini;  hi':  fiKurts  to  conditions  at   the  present   time, 


ju  uuiiii||tKNno  ai{i  oi  jpnai  |iia  ami) 
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I'mj. live  nick-  ic-niin'w.l .—  Pt'^f 

I.    iieral  cliariirtei-  of  H'* 

PetroKraphy    of  107-12; 

Variiitloris    of ■^ 

See    also    Norite. 

KvaiiB.  John    U             .      '^' 

Kv.uii     nickel     mine     48,137.152.156 

K.vje.   Norway,  nickel  deijosiis   .it  147 

Fairbaiik     Lake 6.  23.  ll"- 

Fairbank    township,  acid    edge  in  2o 

Farm    lai;d    105 

Feldipar      35.  43.  70.  92.  108,  110.  129 

Feliite     129 

Firro-nickel    l^J'  '"5 

Ferro   Nickel  Co  ^"^^ 

Fo'cerite     ...  160 

Foulon.  Baron  von.  on   Sudbury  ores 

3.    11.   52.    107 

Fos,  C.  P.  analysis  of  ruck  liy  116.  117 

Fov    apophysis    ll"' 

Fr.'isrh.    Hans    .\     .  _     lj4 

Frenchman's    lakes  71.   72 

Frood.  or  No.   3  nickel  mine    57 

Production    of     .  .  156 

Frood.    Thomas       .        .  .  .    135 


Oahhro     3,  48.  75.  120.  122 

(lalena     43.71.95.161 

Camgee,  John     ciperiments    by 168,169,173 

Oangue   minerals    193 

Gap  nickel  mine.  Lancaster  Co.,  Pa 146 

Oarnier.  J.,  on  Sudbury   nickel   mines     .         3 
Discovery  of  nickel  in  New  Caledonia  by  147 

Oarnierite     148,  150 

Analyses    of 148 

Garson   township,   acid   edge   in    62 

Geneva    lake    106 

Genthite     146,  150 

(ieological  Survey    reports    155 

Geological  work  i.i  Sudbury  region    3 

German    silver     164 

Gersdorfllte     31 

Gertrude    nicke'    mine    32.81,143.152 

Gillespie    nickel    mine    63 

Glacial    action     101 

Glass,  in  Onaping   tull    182 

Glasser,    E 147,157 

On  competition  of  Canadian  nickel  with 

New    Caledonian    149 

Gneiss    33,60.66 

Granitoid     123 

Gold    31.   32 

In  matte 152 

In  Norwegian    bessemer    matte    154 

In  Sudbury    ores    151,  153 

Native    162 

Placer     106 

Gordon    lake    13,24.37 

Gorge    river.    New    Zealand     151 

Gossan    16.  66.  74,  134,   163 

Gray,   Anton 144 

Granite     9, 14,  39,  54. 100 

Analysis  of    124 

Associated  with   nickel  eruptive 123 

Distribution    of     83 

From  dikes    124 

Near  the  nickel   range   81 

Grano-diorite    130 

Graphite   41 

Gravel    plains    106 

Gray wackS   8.  41,  57,  60,  88 

Petrography  of    128 

Gray wack6  conglomerate  93 

Petrography  of   129 

Great   Lakes  Copper  Co 144 

Greenstone     9,  10.  23.  40.  51, 118 

Distribution  of    80 

Huronian 84 

Haanel.    Dr.    Eugene    144 

Hall.  M.  J.  F 178 

Hall    J.   W 165 

Hamilton   nickel    mine    30 

Hariose    116 

Herreshotl   furnace    142 

13m.  (Ill) 


lluon.    H.    \V  17.    ::2 

lloepfi.fr    ItehiHlii!    Co  '•> 

MorTm.in.    Dr ■       132.1-6 

Hornblende     9.  51,  76,  84.  110.  114.  H" 

liorton.  .1.   .\..  analyses  of  rock  by        120.  121 

Ifur'>nian    formation    14 

Character    of 2.1 

I.i>wer  in 

Middle  W 

.Sediinetitary    rocks   <tf    16 

Tpper  • W 

Hiitlon    township 1!7 

Hydrous   silicites  150 

Hypersthene  3.    18.    108.    115.    r.9 

Inez    nickel   mine 
In'ernational    Nickel    Co. 

Financial     statement    of    . 

Organiralion    of  

Iron,  in  m.itte     .         

In   tiyrrbotite   

Iron  formation   ..      

Iron     ore  

.S'^c   also  magnetite. 

IroTi    pyrites    

Iridium  

Island     river     


152 


112,117. 

16.51.75. 

68.  69. 


•.;o 
.  :5J 

'.51 
177 


153 
154 


Jack  pine    106 

Jasper    117 

Jessop.    William  A    Sons    171 

Joe's   lake    72 

Kame    deposits    102 

Kedabekase     121 

Kellv    lake     48.76.121 

Kettle   lake    102 

Keweenawan    formation    14 

Kirkwood    nickel    mine  61,81 

Kokogaming    lake     W 

Krean    Hill    nickel  mine 32 

Krupp.  Friedrich  170.  176 

Kupfernickel     193 

Kuso.   Sweden,  nickel   deposits   at  1-7 

I.ahradorite     108.114.115.126 

I.accolithic  norite  south  east  of  Sudbury       12! 
f.ady   Macdonald   lake  -1 

Lady  Macdonald  nickel  mine  41,137 

Lady    Violet    nickel    mine  40.  1-2 

lake   deposits    ■   102 

Lake    Superior    Power    Co  15.  65. 113 

Lapilli  94.100 

I.archwood    98 

Laurentian.    character    of     2.  8  " 

In   northern    nickel    range  64.  £6 

Lava    flows     78.1:9 

T.awBon.    John    1.43.140 

Leucojene     114.126 

levack    ore    deposits    65 

I,evat.   M..  on  Sudbury  ores    3 

Lew    creek    37.38 

Tillooet     B.C..   nickel    deposits  at 151 

Lime     .'       IW 

Limes'one     134 

Limonite     16.153 

Literature,  on  nickel  Beld  development         134 
'  ittio    Stohie    nickel    mine  55.81.143 

T/5cke.  Donald,   analysis  of  matte  by  152 

Ixigan    sills      .  »27 

Lower  Huronian.      See  Huronian.  I/iwer. 

"cVlliater.    W.    B '*' 

Mc\ree.     John     U' 

y^V'<h"r.  Capt.  James       .  137.140 

Estimate  of  cost   of    producing   matte      180 

"<-nr(d»     Robert    56.112 

McCharles.     A  IM 

VcCharles  nickel  mine     Sm  North   Star. 
MrConneM  nickel   mine  .    See  Victoria. 

McConnell.    RInaldo    170 

"iirdonald.    Sir    John     175 

McTn'osh.   H.   r  .   statement  as   to  cost   of 

producing    matte    1"9 

McLiren.    James     I'O 

McViitie.    William    32.   133 
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Bureau  of  Mines 


No.  5 


M;i(rm;itir    seKreRAtion,   ll  eory    of 


40.    112.    114,    116.    r.9.    126. 


17.  10 
10),  14f> 


162 
60 


.M  iiKlietile 

.Mrtillechort  ■     ■ 

Miill)euf  A    Martin 

.M.iMiiU'     .  . 

Van))<^   converter 

Mitnitoulin  A  North  Shore  Kailway 

.Mure  iBlte  

Marein  ll    depoiita     ■■■ 

Madsey   creek  

Mat  e.    aiialya^B   of 

Cost    of    producinK   in    IBS') 
Katimate  of  ftni    for    niiniiir   and   tre.it- 
meiit   of   too   torn  per  diy 
Approiimate  miniiiK  eoit« 

Fi'el    C081  

Mir.iiie   and  rock    houie  plant 

RoaB*    yard    expenie    

finieltine  

Snip'  er     machinery 

Medcalf.    J.    li 

Mete>r  lake         

Me'eorir    iron    ■■    151. 

Mica     32,51.133 

Mica  ichiit    129 

17. 160 

114,115,123,131 

.3,  <5.  73.107.110,114.115.  121 

123,    129 

Sec   Huronian 

Iteporta  of  145 
Ill 


141 

136 

(0.  li'-. 

.      19 

..     73 

,    152 

179 


lEO 

lei 

182 
181 
181 
182 
182 
169 
106 
173 


B. 


Micklc.    O. 
Microcline 
Micropegmatite 
Microperthite 
Middle    Huronian. 
Viller.    I'rof.    Willet   «. 
Miller,   J.    V.    ..   . 


Millerite        150,  159 

Mine  la   Motte.  Mo 146 

MininB  nickel   ore,    coit  of    lEO,  181 

MininK    plant.   ooBt    of    181 

Mitchener  nickel   mine   30,  114 

Molybdenite     161 

Mond.    Dr     I.udwig     .' 142,143 

Mond     Nickel    Co     15,142,144 

Mond    nickel    refinery     143 

Moore    lake  .   .   37 

Mooie  lake 73.  115 

Moose  lake    region     68 

Moraines    '02 

Morenosite  1^3 

Morgan    township    68 

Mount    nickel    mine 55,81,144 

Murray    nickel    mine        ..  3,52.81.141,152 

Production    of  156 

Murray  mine  section,  pelrograpliy  of  103 

Muscovite     124,129 


Nairn  Centre,  nickel   deposits   near 

Nelson    ri^er 

New    Caledonia,  nickel    deposits   of 

Competition    of,    with    Canadian    n 
industry        

Difference  from   Sudbury  derosits 
New   Caledonia  Nickel    Co 
New   Zealand,  nickel    in 
Niccolite.    Set  nickelite. 
Nickel- 
Nickel    and   nickel    steel 

Alloys     of     

Coinaee    of       

Discoverv    of         

In    pyrrholi'e    

Production    of     

Cost   of  producing    matte 
New    C-iledonia.     1875-1902 
Sudhniv  district.   1890-1904    ,      .      . 
World's    production.    1889-1903    . 

Uses    of 
N'ckel    Ciirporation.    Ltd 
Nickel   deposits— 

At    Ramsay   lake    .  . 

netween   Temagami    and  Net   lakes 

Discovery     of  .... 

In   Coleman    township 

In    Kurope     -^ 

In   Now    Caledonia 

In   New    Zealand    

In  Uni'ed   States 

Near    Nairn    Centre  


...  145 
71.  lO'i 
147 


ickel 


149 
150 
175 
151 


166 

..    164 

.    164 

16J 

.  .    151 

154-158 

179-183 

.      .154 

157 

.      163 

140, 172 


145 
145 
,143 
145 
146 
l57 
151 
146 
145 


Near   Si     Steplieis,    N  B 

Neir    \\  alinapitfj    lake 

tin    Diflct)    Island 
Nickel    cfptpo.    peTroLT  ipliy    uf 
Nickel  fled,  development  of     .  .    . 
Nickel    Uiines— 

Bi'»   t.ev.ick,  or  Ktuhie  No.  3 

Blesard 

Boucher's 

Cameron 

Chicag".    or    Travers 

Clara    Bell 

Copper    Cliff 

Creighton 


lit 

143 

..  151 
..107-127 
..134-166 

.    a 

66.  81.   142.   152 


55 

23.81.  14- 

40 

20.  42.  137,  152.  15- 
20,33.  81.  112,  137,  139,  162,  1:6 


Cryderman     .60.115 

Elsie     50,81,145 

Evans        48,  137,  152,  15f 

Frood  or  No.  3    57.  156 

Gertrude     32,  BI.  143.  162 

Kirkwood   61.  81 

Krean    Hill 32 

I.adv   Vacdonald  or  No    5  41.  137 

Lady     Violet     40.142 

Little     Stohie     55.81.143 

Mitchener  -  30.114 

McConneli      See   Victoria 

Mount  Nickel 65,  81.  144 

Murray 3.  52.  81,  141.  152,  156 

North    Star     36.81.143 

No.    1    138 

No    2      41.81.114.138.156 

No.    4    158 

Boss     70 

Sheppard  or  Davis    60 

Stohie        3,  21,  58,  137,  138.  152.  15f. 

Strathcona     67 

Sultana  22.  80 

Tam     O'Shanter     37 

Totten     30 

Trillabelle    64 

Vermilion     31.81.  152 

Victoria    25,  81, 142, 152, 161 

Worthington     30,  114.  142 

Nickel    steel    164,   166 
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Paper  on,  by   A.   L.  Colby    165 

N-ckelite     31.  145.  159 

Nipi-sing    lake     104 
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Distribution   of    80 
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Of  interior     basin     121 
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Of  Northern  rante   112 

Of  Soathern  range     ill 

Older     78,118 

Norman    township  73 

North   Carolina,    nickel  deposits   in    146 

Northern  nickel   range    62-75 

North    Star   nickel   mine    36.81.113 

Norway,   nickel   deposits    of    147 

No.   1    nickel   mine    138 

No     2  nickel  mine    41.81.114 

Production    of     156 

No.    4   nickel  mine    138 
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Analysis     of 132 
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Spanish  river,  development  of  power  on       141 
Sperrylitc 31,    154,    155,   161 


60, 


3,  21,  58,  137,  138, 


162 
128 
17 
170 
152 
156 
68 
67 
67 


Analysis    of    .... 

Staurolite   

Stclziici,  Hrof    

Stohie.   James    

Stohie  nickel  mine 

Production  of 
Stohie  No.  3  or  Big  Levark  nickel  mine,  67, 
Stralhrona  nickel  mine 
Analysis  of  ore  from 
Stratigraphy  of  nickel  basin       ,..  11 

St    Stephens.  N.B.,   nickel  deposits  near      145 

Sudtiury  gahbro  area  75 

Sudhury  nickel  district,  minerals  of        158-161 

Bornite    16I 

Cassiterite     I62 

Chalcopyrite 16O 

Oalena     16I 

Oangue   minerals    ',  \tj 

Oersdorffite 160 

Gossan  minerals    143 

Magnetite     162 

Marcasite        159 

Millerite     ...    .'...'.'.'.'  159 
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